BLM   LIBRARY 


88064876 


Rio  Blanco 

Oil  Shale  Project 

PROGRESS  REPORT  1 


Gulf  Oil  Corporation 

and 

Standard  Oil  Company  (Indiana) 

9725  East  Hampden  Avenue,  Oefci^'',  Colorado  80231 


?•  0.  Bo*  pen?: ''*'*•  ^«r 


-".«^.^,     -^^^^ 


PROGRESS  REPORT  NUMBER  1 
on 
TRACT  C-a  OIL  SHALE  DEVELOPMENT 


c^3 


to 


AREA  OIL  SHALE  SUPERVISOR 
UNITED  STATES  GEOLOGICAL  SURVEY 


by 


RIO  BLANCO  OIL  SHALE  PROJECT 

of 

GULF  OIL  CORPORATION 

and 

STANDARD  OIL  COMPANY  (INDIANA) 


TABLE  OF  CONTENTS 

Foreword  1 

Summary  2 

Problem  Areas  20 

Activity  Planned  21 

Schedules  and  Status  23 

Appendix 

Preliminary  Printouts  From  Water  Quality  Stations 

Corehole  Completion  Reports 

Support  Roads  and  Facilities  Location  Plan 

Figure  1  -  Coring  Operation,  Tract  C-a  4 

Figure  2  -  Aerial  Photograph  of  Tract  C-a  8 

Figure  3  -  Drilling  on  Tract  C-a  10 

Figure  4  -  Technician  Prepares  to  Launch  Pilot  Balloon  to 
Measure  Wind  Speed  and  Direction  to  Altitude  of 
3,000  Feet  Above  Tract  C-a  14 

Figure  5  -  Cataloging  and  Physical  Characteristic  Identifica- 
tion of  Small  Mammals  16 

Figure  6  -  Water  Sampling  Near  Tract  C-a  18 


FOREWORD 


This  is  the  first  of  a  series  of  quarterly  reports  to  be 
submitted  to  the  Area  Oil  Shale  Supervisor  of  the  U.S.  Geological 
Survey.  The  period  covered  by  this  report  is  from  the  date  of  the 
lease  to  Tract  C-a  to  September  30,  1974.  The  next  report  will 
span  the  five  months  through  February  28,  1975.  Thereafter,  reports 
will  be  at  three  month  intervals,  each  covering  a  seasonal  quarter 
of  the  year. 


Only  a  limited  amount  of  environmental  baseline  and  monitoring 
data  was  collected  during  this  period  of  organization  and  geotech- 
nical  data  gathering.  In  future  reports  these  subjects  will  be 
covered  in  much  more  depth. 


AMERON      ENQ 


SUMMARY 

A.   GENERAL 

The  period  covered  in  this  report  has  been  one  of  intensive  organiza- 
tional efforts  by  people  of  the  Rio  Blanco  Oil  Shale  Project.  With  the  forma- 
tion of  a  team  of  qualified  management,  engineering  and  scientific  personnel, 
work  has  been  proceeding  to  identify,  assign  and  integrate  specific  tasks 
aimed  at  preparation  of  the  Detailed  Development  Plan.  In  addition  to  develop- 
ment of  intra-organizational  policies  and  procedures,  the  period  has  been 
a  time  for  establishing  working  relationships  with  various  agencies  which 
administer  or  have  some  degree  of  responsibility  for  various  aspects  of  oil 
shale  development. 

In  May  of  1974,  the  required  Exploratory  Plan  was  submitted  and  approved 
with  additional  stipulations.  Many  of  the  tasks  set  forth  in  that  plan  are 
underway.  Environmental  baseline  data  collection  programs  were  launched 
during  this  period.  Also,  collection  of  additional  geological  and  hydro- 
logical  resource  data  was  undertaken  and  is  nearing  completion. 

To  insure  protection  of  potential  unique  areas  of  archaeological  value 
as  well  as  indigenous  plant  and  animal  communities,  lease  stipulations  require 
archaeological  and  biological  clearance  prior  to  drilling  activities  and 
access  road  construction.  Dr.  Alan  Olson,  University  of  Denver  Archaeologist, 
and  David  Winsor,  Limnetics,  Inc.  Terrestial  Ecologist,  were  selected  to 
perform  clearance  workj  The  clearing  of  the  areas  was  initiated  during 
late  June  and  was  completed  about  September  15. 
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The  effort  to  select  a  general  mining  and  processing  engineering 
contractor  was  started  in  September.  A  Process  Task  Force  to  preoare  a 
plan  for  initial  operations  completed  its  work  during  the  period  and  nego- 
tiations were  opened  with  other  private  interests  to  acquire  technology 
adjudged  useful  for  the  project. 

A  water  acquisition  program  was  begun  during  the  period.  In  addition, 
negotiations  were  opened  with  the  State  of  Colorado  and  private  surface 
owners  in  the  area  of  Tract  C-a  for  land  acquisitions  and  exchanges  which 
may  be  mutually  desirable. 
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Figure  1 
Coring  Operation  -  Tract  C-a 
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B.   GEOLOGY 

1 .   Corehole  Program 

Ten  of  thirteen  coreholes  were  completed  as  of  October  2,  1974, 
Information  relative  to  core  recovery  is  shown  in  the  following 
tabulation. 

CORE  RECOVERY  DATA 


CH 

TD 

Core 

Core 

Core 

% 

No. 

Cut 

Rec. 

Lost 

Rec. 

1 

1404 

1360.7 

1317.1 

43.6 

96.8 

2-3 

1424 

1352.5 

1240.0 

112.5 

91.7 

4-5 

1663 

1615.5 

1486.2 

129.3 

92.0 

6 

1781 

1624.5 

1565.0 

59.5 

96.3 

7 

1200 

1159.7 

1148.2 

11.5 

98.9 

8 

1616 

1548.2 

1458.6 

89.6 

94.2 

9 

1600 

1556.4 

1357.5 

198.9 

87.2* 

10 

1902 

1549.6 

1454.8 

94.8 

93.9 

12 

1800 

1759.0 

1588.6 

170.4 

90.3* 

13 

1751 

1481.0 

1387.2 

93.8 

93.7 

Totals:  16,141'   15,007.1'     14,003.2'   1003.9'   (93.3  Avg.) 

*Coreholes  located  in  fault  zones;  lower  recovery  due  to  fractured 
shale. 


Amuedo  and  Ivey,  geologic  contractor,  is  logging  and  boxing  core 
on  sites.  A  &  I  is  also  selecting  intervals  containing  nahcolite  for 
analysis  by  Core  Lab.  Final  geologic  reports  for  each  corehole  will  be 
prepared  including  lithologic  and  RQD  (rock  quality  designation)  logs. 
Preliminary  logs  are  completed  on  CH  Nos.  1,  2-3,  4-5,  6,  7  and  8. 

Schlumberger,  the  original  geophysical  logging  contractor,  has  been 
replaced  by  Birdwell  Division  of  Seismograph  Service  Corporation.  The 
following  table  lists  the  logs  run  in  each  completed  corehole. 
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McDowell -Smith  and  Associates  of  Rifle  is  the  surveying  contractor 
for  all  drill-sites  as  well  as  environmental  monitoring  stations.  All 
corehole  locations  have  been  surveyed  except  Nos.  14  and  15, 

Fischer  assaying  of  oil  shale  core  is  proceeding  at  Core  Lab's 
facilities  in  Rifle.  CH  No.  7  is  completed,  CH  No.  2-3  is  in  progress. 
Oil  samples  generated  from  the  assays  are  being  stored  for  future  use. 
Core  and  overburden  intervals  are  being  selected  in  eight  coreholes  spaced 
across  the  Tract  for  trace  elements  (in  both  fresh  and  assayed  samples) 
and  extractable  alumina  (in  assayed  samples  only). 

Selection  completed:  CH  Nos.  1,  2-3,  4-5,  and  7 
Selection  fothcoming:  CH  Nos.  9,  10,  11  and  15. 

Oil  shale  intervals  in  CH  Nos.  1,  6  and  15  are  being  considered  for  bulk 

density  determinations  to  accurately  define  G/T-G/cu.  ft.  relationships 

representative  of  the  Tract. 

2.   Aerial  Photography 

Limbaugh  Engineers,  Inc.,  through  its  sub-contractor,  IntraSearch, 
have  completed  all  aerial  photography  over  approximately  390  square  miles. 
Coverage  received  to  date: 

100%  of  1"  -  3000'  color  prints. 
70%  of  1"  -  1000'  color  prints. 
35%  of  1"  -  1000'  color-infrared  prints. 
Construction  of  photo  indices  is  in  progress. 
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Figure  2 
Aerial  Photograph  of  Tract  C-a 
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3.  Photogeology  -  Surface  Geologic  Mapping 

Trollinger  and  Associates  have  commenced  photogeologic  mapping 
and  interpretation  of  an  81  square  mile  area  in  and  around  Tract  C-a. 
Completion  of  the  preliminary  map  is  scheduled  for  October  15.  This  map 
will  provide  the  basis  for  forthcoming  surface  geologic  mapping  by 
Amuedo  &  Ivey. 

4.  Topographic  Mapping 

Limbaugh  Engineers,  Inc.  have  completed  about  30%  of  the  detailed 
topographic  mapping  (r-200'  horizontal  scale,  5'  contour  interval)  covering 
Tract  C-a  and  vicinity  and  two  dam  sites.  Total  area  to  be  mapped  covers 
approximately  85  square  miles. 

5.  Seismic: 

Cameron  Engineers  has  prepared  a  Request  For  Proposal  (RFP)  for 
approximately  10  miles  of  shallow  high  resolution  seismic  lines  across 
Tract  C-a.  The  prime  objectives  of  this  seismic  program  are  to  further 
define  the  known  surface  faulting  and  locate  possible  additional  faulting 
not  exposed  at  the  surface.  RFP's  were  sent  to  several  potential  contractors 
on  September  28,  1974. 
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Figure  3 
Drilling  on  Tract  C-a 
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HYDROLOGY 

1 .   Subsurface 

Wright  Water  Engineers  have  prepared  a  completion  report  on  eight 
of  the  ten  completed  coreholes.  These  include  CH  1,  CH  2-3,  CH  4-5, 
CH  6,  CH  7,  CH  8,  CH  9,  and  CH  12.  A  summary  of  the  data  contained 
in  the  completion  reports  is  shown  on  the  following  table. 

Hydrologic  data  were  collected  in  two  basic  categories:  water 
production  and  water  quality.  Water  production  was  monitored  through- 
out drilling  by  means  of  a  Parshall  flume  installed  as  the  outlet  in 
the  blooey  pit.  The  water  levels  in  the  flume  were  measured  by  an 
automatic  recording  float  device,  a  Stevens  Type  F  unit. 

Water  quality  was  tested  at  approximately  thirty-foot  intervals  by 
measuring  conductivity,  pH  and  temperature.  In  addition,  a  set  of 
samples  was  collected  at  each  of  four  intervals  during  drilling:  at 
first  significant  production,  end  of  the  "B  groove"  pump  test,  increase 
in  production  after  "B  groove,"  and  at  total  depth.  These  samples 
were  analyzed  by  The  Industrial  Laboratories  Company  of  Denver  through 
both  standard  wet  chemical  and  spectrographic  methods. 

To  evaluate  the  potential  of  the  aquifer  systems,  informal  pump 
tests  were  conducted  twice  during  drilling.  After  the  "B  groove"  was 
penetrated,  the  water  level  recovery  was  measured  with  the  use  of 
wire-line  pressure  recorder.  Upon  reaching  total  depth,  a  similar 
test  was  run  with  the  recovery  data  collected  by  a  downhole  pressure 
recorder  set  inside  the  drillstring. 
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Water  production  was  monitored  continuously  by  utilizing  a  Parshall 
flume  and  stilling  well  adapted  with  a  Stevens  Type  F  recorder.  These 
are  mounted  as  the  outlet  for  the  blooey  pit  at  each  site.  As  production 
(by  virtue  of  the  air-mist  injection  during  dirlling)  increases  and 
decreases,  the  water  level  fluctuations  in  the  stilling  well  raise  and 
lower  a  float  device  attached  to  the  recording  drum  and  pen.  Converting 
the  recordings  (in  tenths  of  a  foot)  to  gallons  per  minute  thus  enables 
one  to  plot  and  evaluate  the  production  versus  depth  for  the  well. 

2.   Surface 

Surface  water  gauging  and  quality  monitoring  stations  were  estab- 
lished on  major  drainages  around  the  tract  by  the  USGS  under  a  program 
sponsored  by  the  Colorado  River  Water  Conservation  District  and  supported 
by  Rio  Blanco.  Preliminary  printouts  from  water  quality  stations  are 
enclosed. 
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Figure  4 

Technician  Prepares  to  Launch  Pilot  Balloon  to  Measure  Wind 
Speed  and  Direction  to  Altitude  of  3000  Feet  Above  Tract  C-a 
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D.   AIR  QUALITY  AND  METEOROLOGICAL 

The  RFP  to  perform  the  air  quality  and  meteorological  studies  was  sub- 
mitted to  six  contractors  on  May  8,  1974.  Five  proposals  were  evaluated 
from  May  20  through  June  1  and  the  award  to  perform  these  studies  was 
made  to  EG&G,  Environmental  Consultants,  located  in  Albuquerque,  New  Mexico. 

On  approximately  June  15,  the  scope-of-work  of  the  EG&G  study,  was  sub- 
mitted to  the  Oil  Shale  Supervisor  for  approval.  The  approval,  with  accom- 
panying conditions  was  signed  by  the  Supervisor's  office  on  July  14.  The 
10  conditions  made  by  the  Supervisor  have  been  studied  and  9  of  the  10 
conditions  were  negotiated  with  EG&G  on  September  4.  Of  the  stipulations 
provided  to  this  office  by  the  Mining  Supervisor,  the  only  one  that  remains 
to  be  resolved  is  visibility  measurements.  Presently,  three  techniques 
are  being  evaluated  by  Limnetics  and  once  a  firm  decision  has  been  made, 
this  procedure  will  be  submitted  to  the  Supervisor  for  his  approval. 

Presently,  all  the  instrumentation,  trailors,  fencing  and  towers  have 
been  installed  and  are  in  place  on  Tract  C-a.  All  four  sites  should  become 
operational  by  October  14. 


-15- 


Figure  5 

Cataloging  and  Physical  Characteristic 
Identification  of  Small  Mammals 


16- 


E.   TERRESTRIAL  BASELINE  DATA 

The  RFP  for  the  Terre^strial  Baseline  Data  Monitoring  Program  was  sub- 
mitted to  12  contractors  on  July  26.  Ten  proposals  were  received  and 
evaluated  between  August  26  and  August  31.  The  contract  award  was  made 
to  Ecology  Consultants,  Inc.  (ECI),  Ft.  Collins,  Colorado,  on  September  10. 
ECI,  as  a  result  of  comments  received  from  various  State  and  Federal 
agencies,  has  revised  their  proposal  and  has  submitted  a  new  scope-of-work, 
to  Limnetics,  on  October  4.  This  document,  in  turn,  was  forwarded  to  the 
Oil  Shale  Supervisor's  office  for  their  approval  on  that  same  date. 

During  September,  ECI  reviewed  Tract  C-a  and  the  surrounding  areas  and 
selected  three  exclosures,  each  three  acres  in  size,  to  determine  animal 
grazing  habits.  A  SLUR  is  presently  being  prepared  for  the  construction 
of  two  of  these  exclosures  in  off  tract  areas. 
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r  "i  y  J  r  e  6 
Water  Sampling  near  Tract  C-a 
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F.   AQUATIC  BASELINE  DATA 

The  RFP  for  the  Aquatic  Baseline  Data  Accumulation  Program  was  sub- 
mitted to  12  contractors  on  July  30. 

Ten  proposals  were  evaluated  during  the  period  from  August  26  to 
August  31.  The  aquatic  study  was  awarded  to  NUS,  Pittsburgh,  Pennsylvania, 
on  September  10.  As  a  result  of  various  comments  received  from  State  and 
Federal  agencies,  NUS  was  requested  to  submit  a  new  scope-of-work  incor- 
porating these  comments.  This  scope-of-work  was  received  on  October  4 
and  was  submitted  to  the  Oil  Shale  Supervisor's  office  on  the  same  day. 
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PROBLEM  AREAS 

Some  delays  were  experienced  in  obtaining  fencing  and  tower  materials 
for  the  meteorological  and  air  quality  stations.  Also  problems  were  en- 
countered in  obtaining  electrical  power  and  a  communication  system  to 
service  these  stations. 

Another  significant  problem  was  encountered  in  contracting  for  a 
third  drilling  rig  and  this  effort  had  to  be  abandoned.  Because  of  this, 
the  drilling  program  was  slowed  and  approval  was  sought  and  received  from 
the  Area  Oil  Shale  Supervisor  for  reduction  of  overburden  coring  in 
CH's.  10,  11,  13  and  14. 
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ACTIVITY  PLANNED 

Limnetics,  Inc.,  Environmental  Coordinator,  is  presently  preparing 
RFP's  for  a  full  archaeological  survey  of  the  Tract  and  the  adjoining 
areas  which  may  be  disturbed  due  to  spent  shale  disposal  and  plant  construc- 
tion. Another  RFP  will  be  prepared  for  a  complete  soil  survey  and  mapping 
of  on  and  off  Tract  sites.  The  last  major  RFP  will  cover  revegetaion  studies, 
Presently,  this  RFP  may  be  broken  down  into  several  different  studies  which 
will  cover  various  aspects  of  reclaiming  and  revegetating  spent  shale, 
disposal  areas  and  other  disturbed  areas  caused  by  the  open  mine  process. 

Limnetics  major  functions  in  the  near  future  will  be  to  provide 
assistance  to  the  aquatic  and  terrestrial  contractors  in  the  managing  of 
collected  samples  and  data.  One  of  these  functions  will  be  a  quasi  type 
of  quality  control  function  which  will  insure  the  collection  of  data  to 
prescribed  methods,  techniques  and  analysis.  To  fulfill  requirements  of 
the  final  report,  Limnetics  will  initiate  a  statistical  plan  which  can  be 
used  in  the  future  to  show  the  inter-relationship  of  the  various  eco-systems 
that  are  now  under  study. 

One  service  rig  is  currently  working  on  the  plugging  and  abandoning 
of  two  previously-drilled  coreholes.  After  finishing  this  work  the  rig 
will  begin  completing  old  coreholes  for  the  purposes  of  pump  testing  and 
monitoring.  A  second  service  rig  will  be  utilized  to  expedite  completion 
of  the  hydrology  monitoring  holes. 
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In  order  to  obtain  accurate  aquifer  characteristics,  we  intend  to 
drill  four  deep,  large  diameter  lower  aquifer  pump  test  holes.   It  should 
be  noted,  however,  that  the  drilling  of  these  holes  is  contingent  upon 
the  results  of  the  24-hour  pump  tests  to  be  conducted  in  existing  core- 
holes  (and  upon  EPA  approval  of  point  discharge  permits  allowing  water  of 
a  maximum  conductivity  of  5,000  micromhos/centimeter  at  25°C.  to  be  discharged 
to  the  surface  drainage). 

A  revised  contract  with  the  Colorado  River  Water  Conservancy  District 
is  currently  being  negotiated.  This  revised  contract  will  include 
analysis  for  the  chemical  constituents  required  by  the  Area  Oil  Shale 
Supervisor  and  will  also  include  storage  rain  gages  on  Box  Elder  Gulch, 
Corral  Gulch,  and  Dry  Fork  located  at  the  surface  gaging  stations  on  the 
western  edge  of  the  tract.   In  addition,  recording  rain  gages  will  be 
located  on  Stakes  Springs  Draw  at  the  mouth  of  Yellow  Creek  and  on  Cathedral 
Bluffs. 

Pending  approval  of  the  Area  Oil  Shale  Supervisor,  a  seventh  surface 
station  would  be  located  on  "Rinky  Dink  Gulch"  just  above  the  confluence 
with  Box  Elder  Gulch.  This  station  would  be  similar  in  construction  to 
the  other  six  stations. 

A  contract  will  be  let  in  November  for  major  planning  and  preliminary 
design  studies  for  the  development  of  the  mining,  processing  and  supporting 
facilities. 
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SCHEDULES  AND  STATUS 

Data  submitted  to  the  Area  Oil  Shale  Supervisor  as  of  September  30,  1974 
is  summarized  on  the  following  table. 

An  outline  of  the  Detailed  Development  Plan  has  been  developed.  This 
will  be  completed,  refined  and  submitted  as  part  of  the  next  quarterly 
report. 


-23- 


VO 


on 

o 

C/) 

1 — 1 

> 

q: 

LlJ 

Q. 

rD 

CO 

LU 

_1 

<a- 

<: 

r^ 

■j: 

en 

tn 

>— 

_j 

#» 

1 — 1 

o 

o 

oo 

<z 

i- 

UJ 

<u 

q: 

-Q 

cC 

E 

O) 

o 

+-> 

1— 

Q. 

O) 

Q 

OO 

UJ 

1— 

O 

LU 

o 


o 


oo 

< 


Ln 


cy» 


CO 


X    X    X    X    X 


X  X 


X    X    X    X    X 


X    X    X    X    X 


XXX 


X    X    X    X 


X  X 


X  X 


X  X 


X    X 


X  X  X  X 


X  X 


XXXXXX  X  X 


XX  X 


X    X    X    X    X 


X 


X  X 


X  X 


X  X 


Ol 

o 

^— 

r— 

c 

03 

s- 

o 

C 

Ol 

•r— 

o 

-(-> 

-l-> 

•r— 

ra 

>i 

U 

4-> 

_l 

+j 

3 

O 

•p— 

-o 

<U 

c 

to 

o 

s_ 

o 

c 

s- 

•r- 

O) 

Q. 

Q 

-M 

Q 

fO 

s-  u 

E  -a 

(/) 

t/1    O)    3 

c 

E  <u 

3 

CJ)  CDT3 

o 

fO   s- 

O 

O    S-    c 

CD    QJ 

3 

_J    <U  1— 1 

+J 

(U 

c 

JD 

fC 

u  c 

•r- 

.—     E  r- 

E 

•1—    T— 

+J 

<a  3  <a 

s- 

C    CD 

c 

O   r—     3 

o 

o  e 

o 

•r-  j::  Q 

u_ 

on  LU 

<_) 

(/)    u 

>>oo 

j= 

Q. 

O 

a» 

o 

O) 


E    OJ 
O    S- 

•r-      3 

O  CO  -M 

•I-     >,  C    <T3 

1 —    S_   4-J    O)    S- 

>—   +->  -I-    E    OJ - 

CU    (_J    lO-i-    Q.C-I-    lO+J 
2<UCQET-r-T-3 

T3i —    CD    I     <UQ.<oaj<u 

S-LUQrOI—  OOCJOO^ 


cu 
s-  i-  cu 

O)    QJ  •■- 


CQ 


o 


O) 


o 


o 
o 


CO 

>i 

fO 

CO 
CO 

cC 

s- 
cu 

u 

CO 


> 
CU 


I 

CO 


<u 

> 

oo 


-o 


03    C 

o-  3 
cy 

CU  -o 

-M  CU 
03  +-> 
3    rn 

E 
.—  +J 

•r-  I/) 
(D  LU 


-24- 


APPENDIX 


Unilt'ci  Slates  1  >«parLnK'nt  of  the  Interior 


IN  HKPLY  RKt'lCK  T(> 


tiKOLiK.K  AL  SURVEY 

Den.  "T  httieral  Center 

Denvt:,  Colorado  80225 


September  A,  197A 


Water  Resources  Division 
Colorado  District 


Mr.  Fred  V.  Witaschek 
Gulf  Mineral  Resources  Co. 
Gulf  Building 
1780  S.  Bellaire  Street 
Denver,  Colorado  80222 

Dear  Mr.  Witaschek: 

Enclosed  are  preliminary  printouts  from  the  water-quality  stations 
on  tract  C-a  in  the  Piceance  Creek  basin  on  which  analyses  were 
completed  by  September  3,  1974. 

These  analyses  are  sent  to  you  as  part  of  the  cooperative  agreement 
with  the  Colorado  River  Water  Conservation  District. 

FOR  THE  DISTRICT  CHIEF 


Sincerely  yours. 


/i 


/^ 


John  C.  Brlggs 
Chemist 
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WELL  COMPLETION  REPORTS 
8  Coreholes  on  Tract  C-a 
(1,  2-3,  4-5,  6,  7,  9  &  12) 


by 
WRIGHT  WATER  ENGINEERS,  INC, 

October  3,  1974 


CORE  HOLE  NO.  1 
COMPLETION  REPORT 

Dreiling  DrtHlng  Company  of  Denver,  Colorado,  rigged  up  on  location 
CH-1  (NE,  NW,  Sec.  32,  TIS,  R99W)  on  August  10  and  11,  197^.   Drilling 
coniroenced  and  156  feet  of  surface  casing  was  set  on  August  1^,  197^.   Coring 
began  on  August  l^,  1974  with  significant  water  production  encountered  at  a 
depth  of  kZOt   feet,  at  which  time  hydro logic  data  collection  commenced. 

Hydrologic  data  were  collected  in  two  basic  categories:  water  production 
and  water  quality.  Water  production  was  monitored  throughout  drilling  by 
means  of  a  Parshall  flume  installed  as  the  outlet  in  the  blooey  pit.   The 
water  levels  In  the  flume  were  measured  by  an  automatic  recording  float  device, 
a  Stevens  Type  F  unit. 

Water  quality  was  tested  at  approximately  thirty-foot  intervals  by  mea- 
suring conductivity,  pH  and  temperature.   In  addition,  a  set  of  samples  was 
collected  at  each  of  four  Intervals  during  drilling:   1)  at  first  significant 
production,   2)  end  of  the  "B  groove"  pump  test,   3)  increase  In  production 
after  "B  groove",  and  4)  at  total  depth.  These  samples  were  analyzed  by 
The  Industrial  Laboratories  Company  of  Denver  through  both  standard  wet  chem- 
ical and  spectrographic  methods. 

To  evaluate  the  potential  of  the  aquifer  systems,  informal  pump  tests 
were  conducted  twice  during  drilling:   after  the  "B  groove"  had  been  penetrated 
and  after  reaching  total  depth.   These  consisted  of  two  hours  of  continuous 
airlift  pumpage  (during  the  coring  process),  discontinuing  the  pumping,  and 
the  recording  of  water  level  Increases  by  a  downhole  pressure  recorder  set 
inside  the  drlllstrlng  (See  Figures  3  and  k) . 

The  core  hole  was  completed  by  landing  and  cementing  casing,  after 
Birdwell  Well  Service  Company  ran  a  suite  of  geophysical  logs  on  August 
24,  1974. 

WATER  PRODUCTION 

Water  production  was  monitored  continuously  by  utilizing  a  Parshall  flume 
and  still  well  adapted  with  a  Stevens  Type  F  recorder.   These  are  mounted  as 
the  outlet  for  the  blooey  pit  at  each  site.  As  production  (by  virtue  of  the 
air-mist  Injection  during  drilling)  Increases  and  decreases,  the  water  level 
fluctuations  In  the  still  well  raise  and  lower  a  float  device  attached  to  the 
recording  drum  and  pen.   Converting  the  recordings  (In  tenths  of  a  foot)  to 
gallons  per  minute  thus  enables  one  to  plot  and  evaluate  the  production  versus 
depth  for  the  well.   Figure  1  attached  shows  water  production  and  temperature 
versus  depth. 

Water  production  on  CH-1  remained  negligible  until  a  depth  of  420t  feet 
was  reached,  at  which  time  the  well  produced  40t  gallons  per  minute  (gpm) . 
Production  increased  to  70  gpm  at  440  feet,  increased  gradually  to  100  gpm  at 


2. 


630  feet,  a  maximum  for  the  upper  aquifer.   Production  remained  relatively 
stable  from  630  to  BZOt   feet,  at  which  time  a  gradual  increase  began  indicating 
the  lower  aquifer.  Production  increased  to  155  gpm  at  1000  feet,  and  decreased 
gradually  to  100  gpm  at  12^0  feet,  reaching  a  maximum  for  the  lower  aquifer  of 
190+  gpm  at  1300  feet. 

WATER  QUALITY 

Water  quality  was  monitored  throughout  the  drilling.  At  approximately 
thirty-foot  intervals,  a  sample  was  tested  for  temperature,  pH  and  conduc- 
tivity.  In  addition,  samples  were  collected  at  200-foot  Intervals,  Samples 
were  also  collected  at  four  intervals:   1)  at  first  significant  production, 
2)  during  "B  groove"  pump  test,  3)  significant  increase  below  "B  groove" 
and  k)   at  total  depth.  Table  1  below  summarizes  the  thirty-foot  water  quality 
measurements. 

Temperature  and  pH.  Figure  1  shows  the  temperature  variations  of  the  water 
produced  during  drilling.  These  ranged  from  a  low  of  5^  F  to  a  high  of  65  F. 

Upper  aquifer  water  temperatures  ranged  from  5^°  to  63°F  to  a  depth  of 
850!  feet.   Combined  aquifer  water  averaged  59°F  below  850  feet. 

The  pH  records  show  a  high  reading  of  7.2  and  a  low  of  6, A.  The  pH 
record  is  shown  on  Figure  2  attached. 

Conductivi  ty.   Corrected  conductivity  readings,  (See  Figure  2)  give  values 
ranging  from  a  low  of  900  umhos/cm  to  a  high  of  4250  umhos/cm.  The  upper 
aquifer  averaged  approximately  1000  umhos/cm  to  450  feet.   The  combined 
aquifer  averaged  approximately  2055  umhos/cm  from  850  feet  to  total  depth. 


TABLE  1 

WATER  QUALITY 

CH-1 

Upper  Aquifer 
(420'  -  450') 

Lower  Aquifer 
(910'  -  1404') 

Conductivi  ty 
High 
Average 
Low 

(umhos/cm  @  25°C) 

1100 

1000 

900 

4250 

2055 

950 

Temperature 
High 
Average 
Low 

(°F) 

63 
57 
54 

65 
59 
54 

pH 

High 

Average 

Low 

7.0 

6.7 
6.4 

7.2 
6.8 
6.4 

3. 


The  Industrial  Laboratories  Company  analyzed  the  water  samples  which 
were  collected,  and  have  submitted  detailed  qualitative  results.  Copies 
arc  not  Included  herein,  but  are  available  if  a  review  is  necessary. 

INFORMAL  PUMP  TESTS 

Two  Informal  pump  tests  were  conducted  during  drilling.  The  first  was 
run  after  penetration  of  the  "B  groove"  at  a  depth  of  ^85  feet.  The  second 
was  conducted  at  total  depth.  Each  pump  test  consisted  of  two  hours  of  con- 
tinuous airlift  pumpaqe,  after  which  a  downhole  pressure  recorder  was  owered 
Inside  the  drillstrinq.  This  instrument  records  the  rising  water  level  as 
pressure,  which  can  then  be  converted  to  feet  of  recovery.  Fiqures  3  and  ^ 
are  the  results  of  these  two  recovery  tests.  From  these,  the  calculations 
of  the  approximate  transmissivi ty ,  static  water  level,  and  specific  capacity 
can  be  made  for  the  upper  and  combined  aquifers. 

Table  2  surmiarlzes  the  results  of  the  pressure  bomb  tests: 

TABLE  2 

INFORMAL  PUMP  TESTS 
CH-1 


Upper  Aquifer 


Comb i ned  Aquifer 


Production 
Static  Water  Level 
Transmissivi ty 
Specific  Capacity 


65t  gpm 
2^8  feet 

(Insufficient  Data) 
0.^3  gpm/ft  of  drawdown 


170t 

270+ 

150  -  170  gpd/ft 

0.18  gpm/ft  of  drawdown 


The  first  recovery  test  does  not  provide  sufficient  data  to  permit 
calculations  of  the  transmissivi ty.  The  recovery  rate  was  too  rapid  to 
allow  the  pressure  bomb  to  be  set  in  the  hole  prior  to  the  water  reaching 
static  level.  The  static  water  level  is  2^81  feet,  and  the  estimate  of 
specific  capacity  (S.C.  =  0.^3)  does  seem  realistic. 

The  second  recovery  tests  provides  estimates  for  all  three  aquifer 
characteristics.   The  initial  rapid  increase  of  the  water  level  to  near 
static  water  level  is  somewhat  influenced  by  a  "pressuring  up"  of  the  aquifer, 
therefore  creating  an  abnormally  high  recovery  rate.  The  second  calculation 
of  transmissivity  (T^  =  l80  gpd/ft)  also  indicates  pressuring  up,  and  true 
leveling  of  the  recovery  did  not  occur  prior  to  the  end  of  the  test.  The 
calculated  transmissivi ties  and  specific  capacities,  therefore,  are  conser- 
vative estimates. 

PRODUCTION  LOGGING 

Birdwell  Service  Company  ran  two  specialized  logs  for  purposes  of 
evaluating  water  movement  and  water  temperature  in  the  bore  hole.  The 
Temperature  Log  data  are  plotted  on  Figure  5.   The  Spinner  Production  Log, 


k. 


which  measures  the  velocity  of  nonpumping  water  in  the  bore  hole  has  not  been 
completely  evaluated  at  this  time.   It  does,  however,  show  that  the  water 
nx>vement  in  the  bore  hole  is  downward,  thus  recharging  from  the  upper  to 
tower  aquifer. 

Preliminary  interpretation  of  the  Prodution  Log  indicates  major  zones 
of  water  entry  occur  in  the  upper  aquifer  between  260  and  ^50  feet.  The 
lower  aquifer  lies  between  900  and  ]kOk   feet,  the  interval  in  which  water 
loss  Is  taking  place. 

The  static  water  level  for  the  upper  aquifer  is  approximately  2S0t 
feet.   The  static  water  level  for  the  combined  aquifers  is  approximately 
270-  feet.  The  differential  in  head  (pressure)  between  the  two  aquifers 
results  in  the  net  downhole  recharge  into  the  lower  aquifer. 


SUMMARY  AND  CONCLUSIONS 

Core  Hole  1  was  completed  on  August  2h,    197^.  Preliminary  analysis  of 
the  data  obtained  during  drilling  and  informal  pump  tests  yields  the  following 
list  of  conclusions  which  appear  to  be  valid  for  the  hydrology  of  CH-1. 


1.   Static  Water  Levels 
Upper  Aquifer 
Combined  Aquifer 


250l  (G.L.) 
270+ 


2.   Maximum  Production 
Upper  Aquifer 
Combined  Aquifer 


<100  gpm 
<200  gpm 


3.   Transmissivl ty 
Upper  Aquifer 
Combined  Aquifer 

k.        Specific  Capacity 
Upper  Aquifer 
Combined  Aquifer 

5.   Water  Quality 

Upper  Aquifer 


Combined  Aquifer 


Insufficient  Data 

150  -  170  gpd/ft  (conservative) 


0.^3  gpm/ft 
0.18  gpm/ft 


Specific  Conductance 

Temperature 

pH 

Specific  Conductance 

Temperature 

pH 


<1 100  micromhos 
Sk  -   630F 

s.k  -  7.0 

<4250  micromhos 
5^  -  65OF 
6. A  -  7.2 
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FIG-  5 


CORE  HOLE  NO.  2-3 
COMPLETION  REPORT 

Orel  ling  Drilling  Company  of  Denver,  Colorado,  rigged  up  on  location 
CH-2-3(SW,  NW,  Sec.  33,  TIS,  R99W)  on  July  27,  197^.   Drilling  commenced  and 
155  feet  of  surface  casing  was  set  on  July  29,  197^.   Coring  began  on  July 
30,  197^  with  significant  water  production  encountered  at  a  depth  of  235t 
feet,  at  which  time  hydrologic  data  collection  commenced. 

Hydrologic  data  were  collected  in  two  basic  categories:  water  production 
and  water  quality.  Water  production  was  monitored  throughout  drilling  by 
means  of  a  Parshall  flume  installed  as  the  outlet  in  the  blooey  pit.   The 
water  levels  in  the  flume  were  measured  by  an  automatic  recording  float  device, 
a  Stevens  Type  F  unit. 

Water  quality  was  tested  at  approximately  thirty-foot  intervals  by  mea- 
suring conductivity,  pH  and  temperature.   in  addition,  a  set  of  samples  was 
collected  at  each  of  four  intervals  during  drilling:   1)  at  first  significant 
production,   2)  end  of  the  "B  groove"  pump  test,   3)  increase  in  production 
after  "B  groove",  and  k)    at  total  depth.   These  samples  were  analyzed  by 
The  Industrial  Laboratories  Company  of  Denver  through  both  standard  wet  chem- 
ical and  spectrographic  methods. 

To  evaluate  the  potential  of  the  aquifer  systems.  Informal  pump  tests 
were  conducted  twice  during  drilling:   after  the  "B  groove"  had  been  penetrated 
and  after  reaching  total  depth.   These  consisted  of  two  hours  of  continuous 
airlift  pumpage  (during  the  coring  process),  discontinuing  the  pumping,  and 
the  recording  of  water  level  increases  by  a  downhole  pressure  recorder  set 
inside  the  drillstring  (See  Figures  3  and  k) . 

The  core  hole  was  completed  by  landing  and  cementing  casing,  after 
BIrdwell  Well  Service  Company  ran  a  suite  of  geophysical  logs  on  August 
10,  197^. 

WATER  PRODUCTION 

Water  production  was  monitored  continuously  by  utilizing  a  Parshall  flume 
and  still  well  adapted  with  a  Stevens  Type  F  recorder.   These  are  mounted  as 
the  outlet  for  the  blooey  pit  at  each  site.  As  production  (by  virtue  of  the 
air-mist  injection  during  drilling)  increases  and  decreases,  the  water  level 
fluctuations  in  the  still  well  raise  and  lower  a  float  device  attached  to 
the  recording  drum  and  pen.   Converting  the  recordings  (in  tenths  of  a  foot) 
to  gallons  per  minute  thus  enables  one  to  plot  and  evaluate  the  production 
versus  depth  for  the  well.   Figure  1  attached  shows  water  production  and  temper- 
ature versus  depth. 

Water  production  on  CH-2-3  remained  negligible  until  a  depth  of  235t  feet 
was  reached,  at  which  time  the  well  produced  22t  gallons  per  minute  (gpm) . 
Production  increased  to  180  gpm  at  A80  feet,  decreased  to  lAO  gpm  at  5^0  -  580 
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feet,  and  reached  a  maximum  for  the  upper  aquifer  of  1951  gpm  at  600  feet. 
Production  remained  stable  from  600  to  920t  feet,  at  which  time  the  lower 
aquifer  began  producing.  Production  increased  rapidly  to  ^00  gpm  at  1060 
feet,  and  increased  gradually  to  a  maximum  of  ^90l  gpm  at  1325  feet,  sta- 
bilizing from  that  point  to  total  depth. 

WATER  QUALITY 

Water  quality  was  monitored  throughout  the  drilling.  At  approximately 
thirty-foot  intervals,  a  sample  was  tested  for  temperature,  pH,  and  conduc- 
tivity. In  addition,  samples  were  collected  at  200-foot  intervals.  Samples 
were  also  collected  at  four  intervals:  1)  at  first  significant  production, 
2)  during  "B  groove"  pump  test,  3)  significant  increase  below  "B  groove" 
and  A)  at  total  depth.  Table  1  below  summarizes  the  thirty-foot  water  qualif 
measurements. 

Temperature  and  pH.   Figure  1  shows  the  temperature  variations  of  the  water 
produced  during  drilling.  These  ranged  from  a  low  of  53°F  to  a  high  of  76  F. 

Upper  aquifer  temperatures  ranged  from  53°  to  65°F  to  a  depth  of  900. 
feet.  Combined  aquifer  wateraveraged  71°F  below  900  feet,  with  a  distinct 
increase  at  the  top  of  the  lower  aquifer  iSOOt   feet). 

The  pH  records  show  a  high  reading  of  7.8  and  a  low  of  6.^.  The  pH 
record  is  shown  on  Figure  2  attached. 

Conductivity.  Corrected  conductivity  readings,  (see  Figure  2)  give  values 
ranging  from  a  low  of  930  /^mhos/cm  to  a  high  of  3600  f^mhos/cm.   The  upper 
aquifer  averaged  approximately  1160  ;4mhos/cm  to  ^75  feet.   The  combined 
aquifer  averaged  approximately  2760  ^imhos/cm  from  900  feet  to  total  depth. 

TABLE  1 
WATER  QUALITY  CH-2-3 


Conductivity  (  ^nihos/cm  at  25°C) 
High 
Average 
Low 

Temperature  (  F.) 
High 
Average 
Low 


pH 


High 

Average 

Low 


Upper  Aqui  fer 
(235'  -  A75') 

Lower  Aquifer 
(900'  -  1A2^') 

li»50 

1160 

930 

3600 
2760 
1200 

65 
59 
53 

76 
71 
59 

7.^ 
7.0 

6.^4 

7.8 
6.8 
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The  Industrial  Laboratories  Company  analyzed  the  water  samples 
which  were  collected,  and  have  submitted  detailed  qualitative  results. 
Copies  are  not  included  herein,  but  are  available  if  a  review  is  necessary. 

INFORMAL  PUMP  TESTS 


Two  informal  pump  tests  were  conducted  during  drilling.  The  first  was 
run  after  penetration  of  the  "B  groove"  at  a  depth  of  A56  feet.  The  second 
was  conducted  at  total  depth.  Each  pump  test  consisted  of  two  hours  of  con- 
tinuous airlift  pumpage,  after  which  a  downhole  pressure  recorder  was  lowered 
inside  the  drillstring.  This  instrument  records  the  rising  water  level  as 
pressure,  which  can  then  be  converted  to  feet  of  recovery.   Figures  3  and  k 
are  the  results  of  these  two  recovery  tests.  From  these,  the  calculations 
of  the  approximate  transmi ssivi ty,  static  water  level,  and  specific  capacity 
can  be  made  for  the  upper  and  combined  aquifers. 

Table  2  below  summarizes  the  results  of  the  pressure  bomb  tests: 

TABLE  2 

INFORMAL  PUMP  TESTS 
CH-2-3 

Upper  Aquifer  Combined  Aquifers 

Production  180t  gpm  A90t  gpm 

Static  Water  Level  120+  feet  l8ot  feet 

Transmi ssivi ty  3000+  gpd/ft  550  -  I8OO  gpd/ft 

Specific  Capacity  K7  gpm/ft  of  draw-   O.85  gpm/ft  of  drawdown 

down 

The  first  recovery  test  provides  realistic  estimates  for  all  three  aquifer 
characteristics.  The  transmissivl ty  of  T  =  3000  gpd/ft.  correlates  well 
with  water  production  in  the  upper  aquifer.  The  specific  capacity  (S.C.  = 
1.7  gpm/ft)  also  correlates  with  production  and  is  a  realistic  estimate. 

The  second  recovery  test  provides  anomalous  estimates  for  the  aquifer 
characteristics.   The  initial  rapid  increase  of  the  water  level  to  near  static 
water  level  is  somewhat  influenced  by  a  "pressuring  up"  of  the  aquifer,  there- 
fore creating  an  abnormally  high  recovery  rate.   It  also  is  rather  anomalous 
in  that  the  sharp  break  in  slope  indicates  that  a  boundary  effect  is  present 
in  the  vicinity  of  the  well,  adding  to  the  rapid  recovery.   The  second  calcu- 
lation of  transmissivi ty  (T2  =  1,800  gpd/ft)  is  a  more  accurate  indication  of 
combined  aquifer  potential.   The  specific  capacity  (S.C.  =  0.85  gpm/ft)  correlates 
with  production  and  is  a  realistic  estimate. 

The  second  plot  of  recovery  data,  therefore,  does  not  realistically  rep- 
resent the  combined  aquifer  potential.   The  transmi ssivi ty  of  the  combined 
aquifer  should  be  near  the  same  magnitude  or  greater  than  that  for  the  upper 
aquifer  alone. 
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PRODUCTION  LOGGING 

BIrdwell  Well  Service  Company  ran  two  specialized  logs  for  purposes  of 
evaluating  water  movement  and  water  temperature  in  the  bore  hole,  ^^^l^^^^^' 
ature  Log  data  are  plotted  on  Figure  5.  The  Spinner  Production  Log.  which 
measures  the  velocity  of  nonpumping  water  in  the  bore  hole  has  not  been  com- 
pletely evaluated  at  this  time.   It  does,  however,  show  that  the  watemove 
mcnt  in  the  bore  hole  is  downward,  thus  recharging  from  the  upper  to  lower 
aquifer. 

Preliminary  interpretation  of  the  Production  Log  indicates  major  zones 
of  water  entry  occur  in  the  upper  aquifer  between  160  and  ^70  feet,   me 
lower  aquifer  lies  between  1000  and  1300  feet,  the  interval  in  which  water 
loss  is  taking  place. 

The  static  water  level  for  the  upper  aquifer  is  approximately  12o!  feet. 
The  static  water  level  for  the  combined  aquifers  is  approximately  180  teet. 
The  differential  in  head  (pressure)  between  the  two  aquifers  results  in  tne 
net  downhole  recharge  into  the  lower  aquifer. 

SUMMARY  AND  CONCLUSIONS 

Core  Hole  2-3  was  completed  on  August  10.  197^.  ^^^^ '"''"^^y^^'J^^I^J^,. 
the  data  obtained  during  drilling  and  informal  pump  tests  Y'^lds  the  following 
list  of  conclusions  which  appear  to  be  valid  for  the  hydrology  of  CH-Z-3. 


1.   Static  Water  Levels 
Upper  Aquifer 
Combined  Aquifer 


120l 
I80l 


(G.L.) 
(G.L.) 


2.   Maximum  Production 
Upper  Aquifer 
Combined  Aquifer 


<200  gpm 
<600i  gpm 


3.   Transmissivi ty 

Upper  Aquifer 
Combined  Aquifer 


3000t  gpd/ft 

550  -  1800  gpd/ft 


k.        Specific  Capacity 
Upper  Aqui  fer 
Combined  Aquifer 


1.7  gpm/ft 
0.85  gpm/ft 


5.   Water  Quality 

Upper  Aquifer 


Combined  Aquifer 


Specific  Conductance 

Temperature 

pH 

Specific  Conductance 

Temperature 

pH 


<  li»50  micromhos 
53-65°F 

S.k   -  7.^ 

<  3600  micromhos 
59-760F 

6.8  -  7.8 
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CORE  HOLE  NO.  k-S 
COMPLETION  REPORT 

Carmack  Drilling  Company  of  Grand  Junction,  Colorado,  rigged  up  on 
location  CH-^-5  (SE,  NW,  Sec.  3^  TIS,  R99W)  on  August  10,  197^.   Drilling 
commenced  and  153  feet  of  surface  casing  was  set  on  August  16,  197^.   Coring 
began  on  August  17,  197^  with  significant  water  production  encountered  at  a 
depth  of  230±  feet,  at  which  time  hydrologic  data  collection  commenced. 

Hydrologlc  data  were  collected  in  two  basic  categories:  water  production 
and  water  quality.  Water  production  was  monitored  throughout  drilling  by 
means  of  a  Parshall  flume  Installed  as  the  outlet  In  the  blooey  pit.   The  water 
levels  in  the  flume  were  measured  by  an  automatic  recording  float  device,  a 
Stevens  Type  F  unit. 

Water  quality  was  tested  at  approximately  thirty-foot  intervals  by  mea- 
suring conductivity,  pH  and  temperature.   In  addition,  a  set  of  samples  was 
collected  at  each  of  four  intervals  during  drilling:   1)  at  first  significant 
production,   2)  end  of  the  "B  groove"  pump  test,   3)  Increase  in  production 
after  "B  groove",  and  k)   at  total  depth.   These  samples  were  analyzed  by  the 
industrial  Laboratories  Company  of  Denver  through  both  standard  wet  chemical 
and  spectrograph I c  methods. 

To  evaluate  the  potential  of  the  aquifer  systems.  Informal  pump  tests 
were  conducted  twice  during  drilling:  after  the  "B"  groove  had  been  pene- 
trated and  after  reaching  total  depth.   These  consisted  of  two  hours  of  con- 
tinuous airlift  pumpage  (during  the  coring  process),  discontinuing  the 
pumping,  and  the  recording  of  water  level  increases  by  a  downhole  pressure 
recorder  set  Inside  the  drillstring  (See  Figure  3  and  k) . 

The  corehole  was  completed  by  landing  and  cementing  casing,  after 
Birdwell  Well  Service  Company  ran  a  suite  of  geophysical  logs  on 
September  1,  197^. 

WATER  PRODUCTION 

Water  production  was  monitored  continuously  by  utilizing  a  Parshall  flume 
and  stilling  well  adapted  with  a  Stevens  Type  F  recorder.   These  are  mounted 
as  the  outlet  for  the  blooey  pit  at  each  site.   As  production  (by  virture  of 
the  air-mist  injection  during  drilling)  increases  and  decreases,  the  water  level 
fluctuations  in  the  stilling  well  raise  and  lower  a  float  device  attached  to  the 
recording  drum  and  pen.   Converting  the  recordings  (in  tenths  of  a  foot)  to  gal- 
lons per  minute  thus  enables  one  to  plot  and  evaluate  the  production  versus 
depth  for  the  well.   Figure  1  attached  shows  water  production  and  temperature 
versus  depth. 

Water  production  on  CH-'i- 5  remained  negligible  until  a  depth  of  220t  feet 
was  reached,  at  which  time  the  well  produced  22l  gallons  per  minute  (gpm) . 
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Production  Increased  steadily  to  100  gpm  at  370  feet,  rose  sharply  to 
300-  gpm  at  ^^0  feet,  and  gradually  increased  to  an  upper  aquifer  peak  of 
570t  gpm  at  730  feet.  Production  ranged  from  570  to  520  gpm  to  a  depth 
of  1230  feet,  at  which  time  the  lower  aquifer  was  encountered.  Production 
Increased  rapidly  to  700  gpm  at  1330  feet,  and  reached  a  maximum  of  850t 
gpm  at  total  depth. 

WATER  QUALITY 

Water  quality  was  monitored  throughout  the  drilling.  At  approximately 
thirty-foot  intervals  a  sample  was  tested  for  temperature,  pH,  and  conduc- 
tivity.  In  addition,  samples  were  collected  at  200-foot  intervals.  Samples 
were  also  collected  at  four  intervals,  and  sent  to  The  Industrial  Laboratories 
Company  of  Denver,  for  complete  analysis:   l)at  first  significant  production, 
2)  during  "B  groove"  pump  test,  3)  significant  increase  below  "B  groove", 
and  k)   at  total  depth.  Table  1  below  summarizes  the  thirty-foot  water  quality 
measurements. 

Temperature  and  pH.   Figure  1  shows  the  temperature  variations  of  the  water 
produced  during  drilling.  These  ranged  from  a  low  of  53  to  a  high  of  82°F. 

Upper  aquifer  temperatures  ranged  from  53  to  66  F  to  a  depth  of  ll8ot 
feet.  Combined  aquifer  water  averaged  76*^F  below  1l80  feet,  with  a  distinct 
Increase  at  the  top  of  the  lower  aquifer  (12^0+  feet). 

The  pH  records  show  a  high  reading  of  7-8  and  a  low  of  6.2.  The  pH 
record  is  shown  on  Figure  2  attached. 

Conduct ivi  ty .  Corrected  conductivity  readings,  (see  Figure  2)  give  values 
ranging  from  a  low  of  98O  ;^mhos/cm  to  a  high  of  338^  /^mhos/cm   The  upper 
aquifer  averaged  approximately  1210  ;4mhos/cm  to  650  feet.  The  combined 
aquifer  averaged  approximately  2850  >^hos/cm  from  II80  feet  to  total  depth. 


TABLE  1 

WATER  QUALITY  CH- 

■k-5 

Uppei 
(202' 

■   Aquifer 
-  650'  ) 

Lower  Aquifer 
(1180'  -  1663') 

Conductivity  (>^mhos/cm  @  25°C) 
High 
Average 
Low 

I3AO 
1210+ 
980 

338i. 

2850* 

1090 

Temperature  (°F) 
High 
Average 
Low 

66 
60 
53 

82 
76 
65 

pH 
High 
Average 
Low 

7.2 

6.7 
6.2 

7,8 
7.5 
7.0 
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The  Industrial  Laboratories  Company  analysed  the  water  samples 
which  were  collected  and  have  submitted  detailed  qualitative  results. 
Copies  are  not  included  herein,  but  are  available  if  a  review  is  necessary. 

INFORMAL  PUMP  TESTS 


Two  Informal  pump  tests  were  conducted  during  drilling.  The  first  was 
run  after  penetration  of  the  "B  groove"  at  a  depth  of  618  feet.  The  second 
was  conducted  at  total  depth.  Each  pump  test  consisted  of  two  hours  of  con- 
tinuous airlift  pumpage,  after  which  a  downhole  pressure  recorder  was  lowered 
inside  the  drillstring.  This  instrument  records  the  rising  water  level  as 
pressure,  which  can  then  be  converted  to  feet  of  recovery.  Figures  3  and  k 
are  the  results  of  these  two  recovery  tests.   From  these,  the  calculations 
of  the  approximate  transmissivl ty,  static  water  level,  and  specific  capacity 
can  be  made  for  the  upper  and  combined  aquifers. 

Table  2  below  summarizes  the  results  of  the  pressure  bomb  tests: 

TABLE  2 
INFORMAL  PUMP  TESTS 
CH-^-5 

Upper  Aquifer Combined  Aquifers 

Production  360t  gpm  850±  gpm 

Static  Water  Level        kOt   feet  65t  feet 

Transmissivl ty  6800  t  gpd/ft.  1 1 ,800  t  gpd/ft. 

Specific  Capacity        3-6  gpm/ft  of  drawdown  6.^  gpm/ft  of  drawdown 

The  first  recovery  test  provides  realistic  estimates  for  all  three  aquifer 
characteristics.  A  transmissivl ty  of  6800  correlates  well  with  production, 
as  does  a  specific  capacity  of  3.6  gpm/ft. 

The  second  recovery  test  also  yields  realistic  aquifer  characteristics. 
Both  a  transmissivity  of  11,800  gpd/ft  and  a  specific  capacity  of  6.4  gpm/ft. 
correlate  well  with  production  data. 

PRODUCTION  LOGGING 

Birdwell  Well  Service  Company  ran  two  specialized  logs  for  purposes  of 
evaluating  water  movement  and  water  temperature  in  the  borehole.   The  Temper- 
ature Log  data  are  plotted  on  Figure  5.    The  Spinner  Production  Log,  which 
measures  the  velocity  of  nonpumping  water  in  the  bore  hole, has  not  been  complete 
evaluated  at  this  time.   It  does,  however,  show  that  the  water  movement  in  the 
bore  hole  is  upward,  thus  recharging  from  the  lower  to  upper  aquifer.  Plots  of 
the  interpretation  of  this  data  will  be  available  as  soon  as  completed. 
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SUMMARY  AND  CONCLUSIONS 

Core  Hole  4^5  was  completed  on  September  1,  197^.   Preliminary  analysis 
of  the  data  obtained  during  drilling  and  informal  pump  tests  yields  the  fol- 
lowing list  of  conclusions  which  appear  to  be  valid  for  the  hydrology  of  CH'^-5. 


1.   Static  Water  Levels 
Upper  Aquifer 
Combined  Aquifer 


hot   (G.L.)  (at  T.D.  =  6I8') 
65±  (G.L.) 


2. 


3. 
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Maximum  Production 
Upper  Aquifer 
Combined  Aquifer 

^OOt  gpm 
BSOt   gpm 

Transmisslvl ty 
Upper  Aquifer 
Combined  Aquifer 

6800+  gpd/ft 
11,800  gpd/ft 

Specific  Capacity 
Upper  Aquifer 
Combined  Aqufier 

3.6  gpm/ft 
6,k     gpm/ft 

Water  Quality 
Upper  Aquifer 

-  Specific  Conductance 

-  Temperature 

-  PH 

< 13^0  micromhos 
53-660F 
6.2  -  7.2 

Combined  Aquifer 

-  Specific  Conductance 

-  Temperature 

-  pH 

<  338^  micromhos 
65-82°F 
7.0  -  7.8 
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CORE  HOLE  NU.  6 
COMPLETION  REPORT 

Drelling  Drilling  Company  of  Denver,  Colorado,  rigged  up  on  locarion 
CH-6(SE,  SE,  Sec.  3^  T1S,  R99W)  on  July  3,  197^.   Drilling  commenced  and 
]60  feet  of  surface  casing  was  set  on  that  date.   Coring  began  on 
July  ^,  197'»  with  significant  water  production  encountered  at  a  depth  of 
180*  feet,  at  which  time  hydrologic  data  collection  commenced. 

Hydrologic  data  were  collected  in  two  basic  categories:  water  production 
and  water  quality.  Water  production  was  monitored  throughout  drilling  by  means 
of  a  Parshall  flume  installed  as  the  outlet  in  the  blooey  pit.   The  water  levels 
In  the  flume  were  measured  by  an  automatic  recording  float  device,  a  Stevens 
Type  F  unit. 

Water  quality  was  tested  at  approximately  thirty-foot  intervals  by  measur- 
ing conductivity,  pH  and  temperature.   In  addition,  a  set  of  samples  was  col- 
lected at  each  of  four  intervals  during  drilling:   1)  at  first  significant  pro- 
duction,  2)  end  of  the  "B  groove"  pump  test,  3)  increase  in  production  after 
"B  groove",  and  h)   at  total  depth.   These  samples  were  analyzed  by  The  Indus- 
trial Laboratories  Company  of  Denver  through  both  standard  wet  chemical  and 
spectrographic  methods. 

To  evaluate  the  potential  of  the  aquifer  systems,  informal  pump  tests 
were  conducted  twice  during  drilling:   after  the  "B"  groove  had  been  penetrated 
and  after  reaching  total  depth.   These  consisted  of  two  hours  of  continuous 
airlift  pumpage  (during  the  coring  process),  discontinuing  the  pumping,  and 
the  recording  of  water  level  increases  by  a  downhole  pressure  recorder  set  in- 
side the  drill  string  (See  Figures  3  and  k) . 

The  corehole  was  completed  by  landing  and  cementing  casing  after 
Schlumberger  Well  Service  Company  ran  a  suite  of  geophysical  logs  on  July 
23,  197A. 

WATER  PRODUCTION 

Water  production  was  monitored  continuously  by  utilizing  a  Parshall  flume 
and  stilling  well  adapted  with  a  Stevens  Type  F  recorder.   These  are   mounted 
as  the  outlet  for  the  blooey  pit  at  each  site.  As  production  (by  virtue  of  the 
air-mist  injection  during  drilling)  increases  and  decreases,  the  water  level 
fluctuations  in  the  stilling  well  raise  and  lower  a  float  device  attached  to  the 
recording  drum  and  pen.   Converting  the  recordings  (In  tenth  of  a  foot)  to  gal- 
lons per  minute  thus  enables  one  to  plot  and  evaluate  the  production  versus  depth 
for  the  well.   Figure  I  attached  shows  water  production  and  temperature  versus 
depth. 

Water  production  on  CH -6  remained  negligible  until  a  depth  of  l80t  feet 
was  reached,  at  which  time  the  well  produced  22t  gallons  per  minute  Igpm) . 
Production  increased  steadily  to  375  gpm  at  6851  feet,  with  three  minor  de- 
creases noted  at  360  -  380  feet,  500  -  520  feet,  and  640  -  680  feet.  A  general 
decrease  in  production  was  then  encountered  from  375  gpm  to  2k5t   gpm  at  1055  feet 
A  sharp  decrease  at  lOoO  feet  (to  !80  gpm),  an  increase  to  285  gpm  at  1150  feet. 


and  additional  loss  to  I68t  gpm  at  1320  feet  followed,  between  1320  feet 
and  1^60  feet,  production  increased  rapidly  to  550t  gpm.  This  increase  was 
due  to  the  penetration  of  the  lower  aquifer.  From  H60  feet  to  total  depth, 
production  varied  from  ^75  gpm  to  a  maximum  of  570  gpm  at  1695  feet. 

WATER  QUALITY 

Water  quality  was  monitored  throughout  the  drilling.  At  approximately 
thrity-foot  intervals  a  sample  was  tested  for  temperature,  pH,  and  conduc- 
tivity.  In  addition,  samples  were  col lected  at  200-foot  Intervals  and  tested 
for  dissolved  oxygen  content  and  chlorine  content.  Samples  were  also  collected 
at  four  intervals,  and  sent  to  The  Industrial  Laboratories  Company  of  Denver, 
for  complete  analysis:   l)  at  first  significant  production,  2)  during  "B 
groove"  pump  test,  3)  significant  increase  below  "B  groove",  and  k)   at  total 
depth.  Table  1  below  summarizes  the  thirty-foot  water  quality  measurements. 

Temperature  and  pH.  Figure  1  shows  the  temperature  variations  of  the  water 
produced  during  drilling.  These  ranged  from  a  low  of  57  F  to  a  high  of  81  F. 

Upper  aquifer  temperatures  ranged  from  57°  -  66°F  to  a  depth  of  1300t 
feet.  Combined  aquifer  water  averaged  75°F  below  1300  feet,  with  a  distinct 
increase  at  the  top  of  the  lower  aquifer  (I310t  feet). 

The  pH  records  show  a  high  reading  of  8.5  and  a  low  of  6.8.  The  pH 
rs-crd  is  shown  on  Figure  2  attached. 

Conductivity.  Corrected  conductivity  readings,  (see  Figure  2)   give  values 
ranging  from  a  low  of  978  ^mhos/cm  to  a  high  of  4000  umhos/cm   The  upper 
aquiferaveraged  approximately  1200  w"ihos/cm  to  630  feet.  The  combined 
aquiferaveraged  approximately  2840  ^ynhos/cm  from  I3OO  feet  to  total  depth. 

TABLE  I 
WATER  QUALITY  CH-6 


Conductivity  (>^mhos/cm  @  25°C) 
High 
Average 
Low 

Temperature  (°F.J 
High 
Average 
Low 

pH 
High 
Average 
Low 


Upper  Aquifer 
U8O'  -  630') 

Lower  Aquifer 
U300'  -  I78O') 

1500 

1200± 

978 

4000 
2840 
1050 

66 
62 
57 

81 
75 
62 

8.5 
7.6 
6.8 

8.5 
7.9 
7.6 

The  Industrial  Laboratories  Company  analyzed  the  water  samples 
which  were  collected,  and  submitted  detailed  qualitative  results. 
Copies  are  not  included  herein,  but  are  available  if  a  review  is  necessary. 

INFORMAL  PUMP  TESTS 

Two  Informal  pump  tests  were  conducted  during  drilling.   The  first  was  run 
after  penetration  of  the  "B  groove"  at  a  depth  of  767  feet.  The  second  was 
conducted  at  total  depth.  Each  pump  test  consisted  of  two  hours  of  continuous 
airlift  pumpage,  after  which  a  downhole  pressure  recorder  was  lowered  inside 
the  drillstring.  This  instrument  records  the  rising  water  level  as  pressure, 
which  can  then  be  converted  to  feet  of  recovery.   Figures  3  and  4  are  the 
results  of  these  two  recovery  tests.   From  these,  the  calculations  of  the 
approximate  transmissivi ty,  static  water  level,  and  specific  capacity  can  be 
made  for  the  upper  and  combined  aquifers. 

Table  2  below  summarizes  the  results  of  the  pressure  bomb  tests: 

.  TABLE  2 

INFORMAL  PUMP  TESTS 
CH-6 

Upper  Aqui  fer  Combined  Aquifers 

Production  300±  gal.  per  min.      530±  gal.  per  min. 

Static  Water  Level      kot   feet  <  200  feet 
Transmissivity         175  -  19,800  gpd/ft     365t  gpd/ft 
Specific  Capacity       .50  gpm/ft  of  drawdown   0.24  gpm/ft  of  drawdown 

The  first  recovery  test  provides  realistic  estimates  for  all  three  aquifer 
characteristics.  The  initial  rapid  increase  of  the  water  level  to  near  static 
water  level  is  somewhat  influenced  by  a  "pressuring  up"  of  the  aquifer,  there- 
fore creating  an  abnormally  high  recovery  rate.   It  also  is  rather  anomalous 
in  that  the  sharp  break  in  slope  indicates  that  a  boundary  effect  is  present 
in  the  vicinity  of  the  well,  adding  to  the  rapid  recovery.  The  second  calcu- 
lation of  transmissivity  (T^  =  19,800  gpd/ft)  therefore, is  a  more  accurate 
indication  of  upper  aquifer  potential.  The  specific  capacity  (S.C.  =0.50  gpm/ 
ft)  correlates  with  production  and  is  also  a  realistic  estimate. 

The  second  recovery  test  yields  an  anomalously  low  transmissivity.  The 
recorder  had  a  maximum  of  500  psi  capability,  which  was  overcome  by  the 
total  head  of  recovery  at  about  90  minutes  after  shutdown. 

The  plot  of  recovery  data,  therefore, does  not  realistically  represent  the 
combined  aquifer  potential.   The  transmissivity  of  the  combined  aquifer  should 
be  near  the  same  magnitude  as  that  for  the  upper  aquifer  alone.  The  specific 
capacity  is  a  reliable  figure  for  the  combined  aquifers. 


PRODUCTION  LOGGING 

Schluinberger  Well  Service  Company  ran  two  specialized  logs  for  purposes 
of  evaluating  water  movement  and  water  temperature  in  the  borehole.   The 
Temperature  Log  data  are  plotted  on  Figure  5.  The  Engineered  Production  Log, 
which  measures  the  velocity  of  nonpumping  water  in  the  borehole,  is  also 
plotted  on  Figure  5.  The  value  of  this  curve,  although  taken  directly  from 
the  log  data,  is  to  show  relative  water  movement  downhole  rather  than  absolute 
velocities  as  indicated  by  the  specific  values  shown  on  the  horizontal  axis. 

Interpretation  of  the  Production  Log  is  shown  in  Figure  6.   This  plot 
details  zones  of  water  entry,  water  loss  and  cumulative  downhole  water  move- 
ment.  These  plots  are  highly  interpretive  and  are  subject  to  some  quantita- 
tive arbitration.   It  does  define,  however,  major  zones  of  water  entry  and 
loss.  Major  production  from  the  upper  aquifer  is  between  260  and  630  feet, 
producing  up  to  500t  gpm  downhole.   The  lower  aquifer  lies  between  1^65  to 
USO  feet  and  1550  to  1580  feet   (Figure  6). 

The  static  water  level  for  the  upper  aquifer  is  approximately  'iOt   feet. 
The  static  water  level  for  the  combined  aquifers  is  approximately  150-200  feet. 
The  differential  in  head  (pressure)  between  the  two  aquifers  results  in  the 
net  downhole  recharge  into  the  lower  aquifer. 

The  zones  of  loss  and  production  in  the  lower  aquifer  (1^65  to  1580  feet) 
are  Tnte  rpret  i  ve  .     Theoretically,  these  zones  cannot  exist  under  these 
highly  differing  pressure  conditions.   However,  these  losses  and  gains  do 
appear  to  exist  on  the  Production  Log  and  are  therefore  presented  as  such. 
Further  pump  tests  and  evaluation  may  provide  additional  data  with  which  a 
better  interpretation  can  be  formulated. 

SUMMARY  AND  CONCLUSIONS 

Core  Hole  6  was  completed  on  July  23,  197^.  Preliminary  analysis  of  the 
data  obtained  during  drilling  and  informal  pump  tests  yields  the  following  list 
of  conclusions  which  appear  to  be  valid  for  the  hydrology  of  CH-6. 

1.   Static  Water  Levels 

Upper  Aquifer  kot   (G.L.) 

Combined  Aquifer         200t 


2.   Maximum  Production 
Upper  Aquifer 
Combined  Aquifer         575-  gP"™ 


Upper  Aquifer  375-  gpf" 


3.   Transmissivi ty 

Upper  Aquifer  175  -  19,800  gpd/ft 

Combined  Aquifer         3651  gpd/ft 


5. 


Specific  Capacity 
Upper  Aquifer 
Combined  Aquifer 

Water  Quality 

Upper  Aqui  fer 


Combined  Aquifer 


0.50  gpm/ft 
0.24  gpm/ft 


Specific  Conductance 

Temperature 

pH 

Specific  Conductance 

Temperature 

pH 


< 1500  micromhos 
57  -  66OF 
6.8  -  8.5 

<  4oOO  micromhos 
62  -  81°F 
7.6  -  8.5 
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CORE  HOLE  NO.  7 
COMPLETION   REPORT 

Cannack  Drilling  Company  of  Grand  Junction,  Colorado,  rigged  up  on 
location  CH-7  (SE,  NW,  Sec.  5,  T  2  S,  R  99  W)  on  July  26,  197^.  Dril- 
ling commenced  and  15^  feet  of  surface  casing  was  set  on  that  date. 
Coring  began  on  July  27,  197^.  with  water  production  encountered  at 
a  depth  of  200  1  feet,  at  which  time  hydrologic  data  collection  com- 
menced. 

Hydrologic  data  were  collected  in  two  basic  categories:  water  pro- 
duction and  water  quality.  Water  production  was  monitored  throughout 
drilling  by  means  of  a  Parshall  flume  installed  as  the  outlet  In  the 
blooey  pit.  The  water  levels  In  the  flume  were  measured  by  an  auto- 
matic recording  float  device,  a  Stevens  Type  F  unit. 

Vater  quality  was  tested  at  approximately  thirty-foot  intervals  by 
measuring  conductivity,  pH  and  temperature.   In  addition,  a  set  of 
samples  was  collected  at  each  of  four  Intervals  during  drilling:   1)  at 
first  significant  production,  2)  end  of  the  "B  groove"  pump  test,  3)  In- 
crease in  production  after  "B  groove",  and  A)  at  total  depth.  These 
samples  were  analyzed  by  the  Industrial  Laboratories  Company  of  Denver 
through  both  standard  wet  chemical  and  spectrographic  methods. 

To  evaluate  the  potential  of  the  aquifer  systems,  Informal  pump  tests 
%(rere  conducted  twice  during  drilling:   after  the  "B  groove"  had  been 
penetrated  and  after  reaching  total  depth.   These  consisted  of  two  hours 
of  continuous  airlift  pumpage  (during  the  coring  process),  discontinu- 
ing the  pumping,  and  the  recording  of  water  level  Increases  by  a  down- 
hole  pressure  recorder  set  Inside  the  drill  string.   (See  Figures  3  and 
h) 

The  core  hole  was  completed  by  landing  and  cementing  casing,  after 
Schlumberger  Well  Service  Company  ran  a  suite  of  geophysical  logs  on 
August  7,  197^. 

WATER  PRODUCTION 

Water  production  was  monitored  continuously  by  utilizing  a  Parshall 
flume  and  stilling  well  adapted  with  a  Stevens  Type  F  recorder.   These 
are  mounted  as  the  outlet  for  the  blooey  pit  at  each  site.  As  pro- 
duction (by  virtue  of  the  air-mist  injection  during  drilling)  Increases 
and  decreases,  the  water  level  fluctuations  in  the  stilling  well  raise 
and  lower  a  float  device  attached  to  the  recording  drum  and  pen.   Con- 
verting the  recordings  (In  tenth  of  a  foot)  to  gallons  per  minute  thus 
enables  one  to  plot  and  evaluate  the  production  versus  depth  for  the 
well.   Figure  1  attached  shows  water  production  and  temperature  versus 
depth. 


2. 


Water  production  on  C  H-7  rema  i  ned  negligible  until  a  depth  c.-f  200  t 
feet  had  been  reached,  at  which  time  production  was  1 8  ±  gallons 
per  minute  (gpm) .  Production  increased  gradually  to  60  ±  gpm  at 
3^5  feet,  and  remained  stable  to  a  depth  of  555  feet.  A  gradual  in- 
crease to  95  -  gpfn  occurred  from  555  to  690  feet.   Production  then 
increased  rapidly  to  170  *  gpm  at  800  feet,  remained  stable  (150  *  - 
ISO  *  gpm)  to  a  depth  of  9^5  feet,  increased  to  210  ±  at  950  feet,  and 
fluctuated  between  200  and  250  gpm  to  total  depth. 

The  lower  aquifer  was  encountered  between  690  and  700  feet. 

WATER  QUALITY 

Water  quality  was  monitored  throughout  the  drilling.  At  approximately 
thirty-foot  intervals  a  sample  was  tested  for  temperature,  pH,  and 
conductivity.   In  addition,  samples  were  collected  at  200-foot  Inter- 
vals and  tested  at  four  intervals,  and  sent  to  The  Industrial  Labora- 
tories Company  of  Denver  for  complete  analysis:   1)  at  first  signifi- 
cant production,  2)  during  "B  groove"  pump  test,  3)  significant  increase 
below  "B  groove",  and  k)   at  total  depth.  Table  1  below  summarizes 
the  thirty-foot  water  quality  measurements. 

TABLE  I 
WATER  QUALITY  CH-7 


Conductivity  (wmhos/cm  @  25  C) 
High 
Average 
Low 

Temperature  (  F.) 
High 
Average 
Low 

pH 

High 

Average 

Low 

The  Industrial  Laboratories  Company  analyzed  the  water  samples 
which  were  col lected, and  submitted  detailed  qualitative  results, 
Copies  are  not  included  herein,  but  are  available  if  a  review  is 
necessary. 


Upper  Aquifer 
(200'   -  380') 

Comb 
(69C 

ined  Aqui  fer 
r   -  1200') 

1100 
1000  + 
900 

1775 
1300  t 
950 

62 
57 
53 

72 
62 
56 

7.2 
7.1 
6.9 

7.1 
6.9 
6.^ 

3. 


Temperature  and  pH.   Figure  1  shows  the  temperature  variations  of  the 
water  produced  during  drilling.  These  ranged  from  a  low  53°F.  to  a 
high  of  72°F. 

Upper  aquifer  temperatures  ranged  from  53°  to  62  F.  to  a  depth  of  690  - 
feet.  Combined  aquifer  water  averaged  61  t   below  630  feet. 

The  pH  records  show  a  high  reading  of  7.2  and  a  low  of  6.^.  The  pH 
record  Is  shown  on  Figure  2  attached. 

Conductivity.   Corrected  conductivity  readings,  (see  Figure  2)  give 
values  ranging  from  a  low  of  900  umhos/cm  to  a  high  of  1775  umhos/cm. 
The  upper  aquifer  averaged  approximately  1000  umhos/cm  to  380  feet. 
The  combined  aquifer  averaged  approximately  1300  umhos/cm  from  690 
feet  to  total  depth. 

INFORMAL  PUMP  TESTS 


Two  informal  pump  tests  were  conducted  during  drilling.  The  first  was 
run  after  penetration  of  the  "B  groove"  at  a  depth  of  261  feet.  The 
second  was  conducted  at  total  depth.   Each  pump  test  consisted  of  two 
hours  of  continuous  airlift  pumpage,  after  which  a  downhole  pressure 
recorder  was  lowered  inside  the  drill  string.  This  instrument  records 
the  rising  water  level  as  pressure,  which  can  then  be  converted  to 
feet  of  recovery.   Figures  3  and  k   are  the  results  of  these  two  re- 
covery tests.   From  these,  the  calculations  of  the  approximate  trans- 
misslvlty,  static  water  level,  and  specific  capacity  can  be  made  for 
the  upper  and  combined  aquifers. 

Table  2  below  summarizes  the  results  of  the  pressure  bomb  tests: 

TABLE  2 

INFORMAL  PUMP  TESTS 
CH-7 

Upper  Aquifer  Combined  Aquifer 

Production  35  -  gal.  per  min.  2A0  -  gal.  per  min. 

Static  Water  Level    <10  feet  390  -  feet 

Transmissivity         kO   -  770  gpd/ft.  320  -  1670  gpd/ft. 

Specific  Capacity      0.  46  gpm/ft.  of  drawdown     1.1  gpm/ft.  of  draw- 
down 

The  first  recovery  test  provides  realistic  estimates  for  all  three  aquifer 
characteristics.  The  initial  rapid  increase  of  the  water  level  to  near 
static  water  level  is  somewhat  Influenced  by  a  "pressuring  up"  of  the 
aquifer,  therefore  creating  an  abnormally  high  recovery  rate.   It  also 
Is  rather  anomalous  in  that  the  sharp  break  in  slope  indicates  that  a 
boundary  effect  is  present  in  the  vicinity  of  the  well,  adding  to  the 
rapid  recovery.  The  second  calculation  of  transmissivity  (T2  =  gpd/ft.) 
therefore,  Is  a  more  accurate  indication  of  upper  aquifer  potential.  The 
specific  capacity  (S.C.  =  0.^6  gpm/ft.)  correlates  with  production  and 
Is  also  a  realistic  estimate. 


H, 


The  second  recovery  was  conducted  at  total  depth  and  provides  realistic 
estimates  of  the  combined  aquifer  characteristics.   Like  the  first  test, 
the  second  transmissivity  (T2=  I67O  gpd/ft.)  is  more  accurate,  even 
though  a  stable  static  water  level  was  not  encountered  prior  to  the 
end  of  the  test. 

PRODUCTION  LOGGING 

Schlumberger  Well  Service  Company  and  Birdwell  Well  Service  Company 
were  to  run  two  specialized  logs  for  the  purpose  of  measuring  the 
temperature  and  downhole  water  movement  in  CH-7.  Neither  company  was 
able  to  obtain  the  necessary  tools  to  run  these  lugs  within  a  reasonable 
amount  of  time;  therefore,  they  were  not  conpleted. 

Water  movement  in  the  hole  is  a  downward  flow,  resulting  from  a  higher 
static  water  level  in  the  upper  aquifer  as  compared  to  the  lower  aquifer, 
This  differential  in  head  (pressure)  results  in  a  net  recharge  from  the 
upper  to  lower  aquifers  in  an  open  borehole. 

SUMMARY  AND  CONCLUSIONS 

Core  Hole  7  was  completed  on  August  7,  197^.   Preliminary  analysis  of 
the  data  obtained  during  drilling  and  informal  pump  tests  yields  the 
following  list  of  conclusions  which  appear  to  be  valid  for  the  hydrology 
of  CH-7. 


I.  Static  Water  Levels 
Upper  Aquifer 
Combined  Aquifer 


10  ft.  ±  (G.L.) 
2^0  ft.  ±  (G.L.) 


2.  Maximum  Production 


3. 


k. 


5. 


Upper  Aquifer 
Combined  Aquifer 

90    t  gpni 

250     +  gpm 

Transmissivity 
Upper  Aquifer 
Combined  Aquifer 

^0  -  770  gpd/ft. 
320  -  1670  gpd/ft. 

Specific  Capacity 
Upper  Aquifer 
Combined  Aquifer 

O.ke   gpm/ft. 
1.1  gpm/ft. 

Water  Quality 
Upper  Aquifer 

-  Specific  Conductance 

-  Temperature 

-  PH 

1 100  micromhos 

53  -  62°  F. 
6.9  -  7.2 

Combined  Aquifer 

-  Specific  Conductance 

-  Temperature 

-  pH 

1775  micromhos 

56  -  72°  F. 
6.^  -  7.1 
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CORE  HOLE  NO.  8  -  COMPLETION  REPORT 


GENERAL 

Carmack  Drilling  Company  of  Grand  Junction,  Colorado,  rigged  up  on  location 
CH-8(NE,  SE,  Sec.  5,  T2S,  R99W)  on  June  28,  197^.   Drilling  commenced  on 
July  4,  197^,  and  reached  total  depth  of  I6l6  feet  on  July  19,  197^. 

Hydrologic  data  were  collected  in  two  basic  categories:   water  production 
and  water  quality.   Water  production  was  monitored  throughout  drilling  by 
means  of  a  Parshall  flume  installed  as  the  outlet  in  the  blooey  pit.   The 
water  levels  in  the  flume  were  measured  by  an  automatic  recording  float 
device,  a  Stevens  Type  F  unit. 

Water  quality  was  tested  at  approximately  thirty-foot  intervals  by  measur- 
ing conductivity,  pH  and  temperature.   In  addition,  a  set  of  samples  was 
collected  at  each  of  four  intervals  during  drilling:   at  first  significant 
production,  end  of  the  "B  groove"  pump  test,  increase  in  production  after 
"B  groove,"  and  at  total  depth.   These  samples  were  analyzed  by  The 
industrial  Laboratories  Company  of  Denver  through  both  standard  wet  chem- 
ical and  spectrograph ic  methods. 

To  evaluate  the  potential  of  the  aquifer  systems,  informal  pump  tests  were 
conducted  twice  during  drilling.   After  the  "B  groove"  was  penetrated,  the 
water  level  recovery  was  measured  with  the  use  of  an  electrical  wire-line 
tool.   Upon  reaching  total  depth,  a  similar  test  was  run  with  the  recovery 
data  collected  by  a  downhole  pressure  recorder  set  Inside  the  drillstring 
(see  Figure  3) . 

Casing  was  landed  and  cemented  in  on  July  20,  197^. 


WATER  PRODUCTION 

Water  production  was  monitored  continuously  by  utilizing  a  Parshall  flume 
and  stilling  well  adapted  with  a  Stevens  Type  F  recorder.   These  are 
mounted  as  the  outlet  for  the  blooey  pit  at  each  site.   As  production  (by 
virtue  of  the  air-mist  injection  during  drilling)  increases  and  decreases, 
the  water  level  fluctuations  in  the  stilling  well  raise  and  lower  a  float 
device  attached  to  the  recording  drum  and  pen.   Converting  the  recordings 
(in  tenths  of  a  foot)  to  gallons  per  minute  thus  enables  one  to  plot  and 
evaluate  the  production  versus  depth  for  the  well.   Figure  1  attached  shows 
water  production  and  temperature  versus  depth. 

Production  remained  negligible  until  a  depth  of  kSOt   feet  was  reached. 
Production  from  that  depth  to  580t  feet  averaged  30  gallons  per  minute 
(gpm) .   From  580  feet  to  660  feet  production  increased  to  60*  gpm.   Between 
660  feet  and  1080  feet  production  averaged  65  gpni,  increased  to  170  gpm  at 
1200  feet  and  fluctuated  from  120-185  gpm  to  1530  feet.   Near  total  depth 
production  averaged  210  gpm. 


/^  WATER  QUALITY 

Water  quality  was  monitored  throughout  the  drilling.  At  approximately 
thirty-foot  intervals  a  sample  was  tested  for  temperature,  pH,  and  con- 
ductivity.  In  addition,  samples  were  collected  at  200-foot  Intervals  and 
tested  for  dissolved  oxygen  content  and  chlorine  content.   Samples  were 
also  collected  at  four  intervals,  and  sent  to  The  Industrial  Laboratories 
Company  of  Denver,  for  complete  analysis:  at  first  significant  production, 
during  "B  groove"  pump  test,  significant  Increase  below  "B  groove,"  and  at 
total  depth.  Table  I  below  summarizes  the  thirty-foot  water  quality 
measurements. 

Temperature  and  pH.   Figure  1  shows  the  temperature  variations  of  the  water 
produced  during  drilling.   These  ranged  from  a  low  of  56°  F.  to  a  high  of  68° 
F.  (an  anomalous  reading  of  75°  F.  was  recorded  at  305  feet  which  represents 
drilling  water  injected  into  the  borehole). 

Upper  aquifer  temperatures  averaged  59°-60°  F.  to  a  depth  of  ll80t  feet. 
Combined  aquifer  water  averaged  641°  F.  below  1180  feet,  with  a  distinct 
increase  at  the  top  of  the  lower  aquifer  (1180  feet). 

The  pH  records  show  a  high  reading  of  8.5  (reflecting  drilling  fluid)  and 
a  low  of  6.2.   The  pH  record  Is  shown  on  Figure  2  attached. 

Conduct  I vl ty.   Corrected  conductivity  readings  (see  Figure  2)  give  values 
/'-x         ranging  from  a  low  of  984  umhos/cm  to  a  high  of  3540  umhos/cm.   The  upper 
aquifer  averaged  approximately  1100  umhos/cm  to  720  feet.   The  combined 
aquifer  averaged  approximately  2250  umhos/cm  from  1175  feet  to  total  depth. 


High 

Average 

Low 

Temperature    (°F.) 
High 
Average 
Low 


pH 


High 

Average 

Low 


TABLE  1 

WATER  QUALITY  CH-8 

Upper  Aquifer 
(460'-  720') 

Lower  Aqui  fer 
(1150'-1600') 

@  25°C) 

1263 

noot 

984 

3540 
2250 
1428 

63 
59 
56 

68 

64t 

56 

8.0 

8.0 

7.0 
6.2 

7.5 
6.8 
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Industrial  Laboratories  Company  analyzed  the  water  samples  which  were 
collected,  and  submitted  detailed  qualitative  results.   Copies  are  not 
included  herein,  but  are  available  if  a  review  is  necessary. 


INFORMAL  PUMP  TESTS 

Two  informal  pump  tests  were  conducted  during  drilling.   The  first  was  run 
after  penetration  of  the  "B  groove"  at  a  depth  of  664  feet.   The  second  was 
conducted  at  total  depth. 

The  first  test  consisted  of  two  hours  of  continuous  airlift  pumpage,  after 
which  an  electric  probe  was  lowered  into  the  open-ended  drillstring  to 
measure  water  level  increases.   This  test  yielded  limited  results  in  that 
the  water  had  fully  recovered  before  the  first  reading  could  be  obtained. 
This  test  yielded  a  static  water  level  of  3^5  feet. 

The  second  test  utilized  the  same  basic  technique  for  pumpage  (airlift  for 
a  minimum  of  two  hours)  but  results  were  obtained  with  a  down-hole  pressure 
recorder.   Included  is  the  analysis  of  the  pressure  bomb  recording  and 
plot  thereof  (Figure  3).   This  plot  enables  one  to  calculate  the  approxi- 
mate transmiss i vi ty,  static  water  level,  and  specific  capacity  of  the  com- 
bined aquifers.   Table  2  below  summarizes  the  results  of  these  tests. 

TABLE  2 
INFORMAL  PUMP  TESTS  CH-8 


Upper  Aqui  fer 


Production 
Static  Water  Level 
Transmiss ivi  ty 


90  gallons  per  minute 
345  feet 
Insufficient  data 


Specific  Capacity    Insufficient  data 


Combined  Aquifers 

210  gallons  per  minute 

520t  feet 

400-1200  gal  Ions  per 
day  per  foot 

0.84  gallons  per  minute 
per  foot  of  drawdown 


PRODUCTION  LOGGING 

Schlumberger  Well  Service  Company  ran  two  specialized  logs  for  purposes  of 
evaluating  water  movement  and  water  temperature  in  the  borehole.   The 
Temperature  Log  data  are  plotted  on  Figure  k.      The  Engineered  Production 
Log,  which  measures  the  velocity  of  nonpumping  water  in  the  borehole,  is 
also  plotted  on  Figure  4,   The  value  of  this  curve,  although  taken  directly 
from  the  log  data,  is  to  show  relative  water  movement  downhole  rather  than 
absolute  velocities  as  indicated  by  the  specific  values  shown  on  the  hori- 
zontal axis. 


r 


Interpretation  of  the  Production  Log  is  shown  in  Figure  5.  This  plot  details 
zones  of  water  entry,  water  loss  and  cumulative  downhole  water  movement. 
These  plots  are  highly  interpretive  and  are  subject  to  some  quantitative 
arbitration.   It  does  define,  however,  major  zones  of  water  entry  and  loss. 
Major  production  from  the  upper  aquifer  is  between  460  and  720  feet,  pro- 
ducing up  to  300*  gpm  downhole.   The  lower  aquifer  lies  between  720  feet 
and  total  depth,  with  major  fracturing  occurring  between  1060  and  lUlO  teet 
(Figure  5). 

The  static  water  level  for  the  upper  aquifer  is  approximately  3^5  feet. 
The  static  water  level  for  the  combined  aquifers  is  approximately  520 
feet.   This  differential  in  head  (pressure)  results  in  the  net  downhole 
recharge  into  the  lower  aquifer. 


SUMMARY  AND  CONCLUSIONS 

Core  Hole  8  was  completed  on  July  20.  197^.  Preliminary  analysis  of  the 
data  obtained  during  drilling  and  informal  pump  tests  yields  the  following 
list  of  conclusions  which  appear  to  be  valid  for  the  hydrology  of  CH-8. 


1.  Static  Water  Levels 
Upper  Aquifer 
Combined  Aquifer 


345'*(G.L.) 
520'i(G.L.) 


r 


2.  Maximum  Production 
Upper  Aqui  fer 
Combined  Aquifer 


100-  gpm 
<  250  gpm 


3.  Transmisslvity 

Upper  Aqui  fer 
Combined  Aquifer 


Insufficient  data 
400-1200  gpd/ft. 


Specific  Capacity 
Upper  Aquifer 
Combined  Aquifer 


Insufficient  data 
0.84  gpm/ft. 


Water  Qual i ty 

Upper  Aquifer 


Combined  Aquifer  - 


Specific  Conductance 

Temperature 

pH 

Specific  Conductance 

Temperature 

pH 


< 1263  micromhos 
560  -  63°F 
6.2-8.0 

<3540  micromhos 
56°  -  68OF 
6.8-8.0 
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CORE  HOLE  NO.  9 
COMPLETION  REPORT 


Orel  ling  Drilling  Company  of  Denver,  Colorado,  rigged  up  on  location 
CH-9  (SE,  NW,  Sec.  A,  TIS,  R99W)  on  August  28,  ]97i*.   Drilling  commenced  and 
156  feet  of  surface  casing  was  set  the  following  day.   Coring  began  on 
August  31 »  197^  with  significant  water  production  encountered  at  a  depth 
of  3OO-  feet,  at  which  time  hydrologic  data  collection  commenced. 

Hydrologic  data  were  collected  in  two  basic  categories:  water  production 
and  water  quality.  Water  production  was  monitored  throughout  drilling  by  means 
of  a  Parshall  flume  installed  at  the  outlet  in  the  blooey  pit.   The  water  levels 
in  the  flume  were  measured  by  an  automatic  recording  float  device,  a  Stevens 
Type  F  unit. 

Water  quality  was  tested  at  approximately  thirty-foot  intervals  by  mea- 
suring conductivity,  pH  and  temperature.   In  addition,  a  set  of  samples  was 
collected  at  each  of  four  intervals  during  drilling:   1)  at  first  significant 
production,   2)  end  of  the  "B  groove"  pump  test,   3)  increase  in  production 
after  "B  groove",  and  k)    at  total  depth.   These  samples  were  analyzed  by  The 
Industrial  Laboratories  Company  of  Denver  through  both  standard  wet  chemical 
and  spectrographic  methods. 

To  evaluate  the  potential  of  the  aquifer  systems,  informal  pump  tests 
were  conducted  twice  during  drilling:   after  the  "B  groove"  had  been  penetrated 
and  after  reaching  total  depth.   These  consisted  of  two  hours  of  continuous 
airlift  pumpage  (during  the  coring  process),  discontinuing  the  pumping,  and 
the  recording  of  water  level  increases  by  a  downhole  pressure  recorder  set 
inside  the  drillstring  (See  Figures  3  and  A). 

The  corehole  was  completed  by  landing  and  cementing  casing,  after 
Birdwell  Well   Service   Company  ran  a  suite  of  geophysical  logs  on  September 
12,  1974. 

WATER  PRODUCTION 

Water  production  was  monitored  continuously  by  utilizing  a  Parshall  flume 
and  stilling  well  adapted  with  a  Stevens  Type  F  recorder.   These  are  mounted 
at  the  outlet  for  the  blooey  pit  at  each  site.  As  production  (by  virtue  of  the 
air-mist  injection  during  drilling)  increases  and  decreases,  the  water  level 
fluctuations  in  the  stilling  well  raise  and  lower  a  float  device  attached  to  the 
recording  drum  and  pen.   Converting  the  recordings  (in  tenths  of  a  foot)  to 
gallons  per  minute  thus  enables  one  to  plot  and  evaluate  the  production  versus 
depth  for  the  well.   Figure  1  attached  shows  water  production  and  temperature 
versus  depth. 

Water  production  on  CH-9  remained  negligible  until  a  depth  of  300t  feet 
was  reached,  at  which  time  the  well  produced  20t  gallons  per  minute  (gpm) . 


2. 

Production  increased  to  70-  gpm  at  ^'♦O  feet,  stabilized  to  575t  feet,  and 
increased  to  125  gpm  at  69O  feet.   Production  remained  relatively  stable 
(125  -  1^0  gpm)  to  a  depth  of  1100  feet,  where  the  second  aquifer  was 
encountered.   A  rapid  increase  to  250  gpm  at  1230  feet,  and  a  gradual 
increase  to  a  maximum  production  of  300  gpm  at  I56O  feet  were  encountered 
in  the  lower  aquifer. 

WATER  QUALITY 

Water  quality  was  monitored  throughout  the  drilling.   At  approximately 
thirty-foot  intervals  a  sample  was  tested  for  temperature,  pH,  and  conduc- 
tivity.  In  addition,  samples  were  collected  at  200-foot  intervals.   Samples 
were  also  collected  at  four  intervals,  and  sent  to  The  Industrial  Laboratories 
Company  of  Denver,  for  complete  analysis:   1)  at  first  significant  production, 
2)  during  "B  groove"  pump  test,   3)   significant  increase  below  "B  groove" 
and  k)    at  total  depth.   Table  1  below  summarizes  the  thirty-foot  water  quality 
measurements. 

Temperature  and  pH.   Figure  1  shows  the  temperatures  variations  of  the  water 
produced  during  drilling.   These  ranged  from  a  low  of  54°F  to  a  high  of  75°F. 

Upper  aquifer  temperatures  ranged  from  54°F  to  63°F  to  a  depth  of  1080t 
feet.  Combined  aquifer  water  averaged  69°F  below  IO8O  feet,  with  a  distinct 
increase  at  the  top  of  the  lower  aquifer   (IO80I  feet). 

The  pH  records  show  a  high  reading  of  8.0  and  a  low  of  6.4.   The  pH 
record  is  shown  on  Figure  2  attached. 

Conductivity.   Corrected  conductivity  readings,  (see  Figure  2)  give  values 
ranging  from  a  low  of  1408  ^mhos/cm  to  a  high  of  3560  umhos/cm.   The  upper 
aquifer  averaged  approximately  1520  ^mhos/cm  to  63O  feet.   The  combined 
aquifer  averaged  approximately  2600  ^^mhos/cm  from  IO8O  feet  to  total  depth. 

TBALE  } 
WATER  QUALITY  CH-9 


Conductivity  (H^hos/cm  @  25°C) 
High 
Average 
Low 

Temperature  (  F.) 
High 
Average 
Low  54  61 

pH 

High  7.0  8.0 

Average  6,7  7.4 

Low  6.4  7.0 


Upper  Aquifer 
(300'  -  630') 

Lower  Aquifer 
(1080'  -  1600') 

1653 

1520+ 

1408 

3560 

2600+ 

1660 

63 
58 

75 
69 

3. 


The  Industrial  Laboratories  Company  analyzed  the  water  samples 
which  were  collected,  and  have  submitted  detailed  qualitative  results. 
Copies  are  not  included  herein,  but  are  available  if  a  review    necessary, 

INFORMAL  PUMP  TESTS 


Two  informal  pump  tests  were  conducted  during  drilling.   The  first  was 
run  after  penetration  of  the  "B  groove"  at  a  depth  of  651  feet.   The  second 
was  conducted  at  total  depth.   Each  pump  tests  consisted  of  two  hours  of  con- 
tinuous airlift  pumpage,  after  which  a  downhole  pressure  recorder  was  lowered 
Inside  the  drillstring.   This  instrument  records  the  rising  water  level  as 
pressure,  which  can  then  be  converted  to  feet  of  recovery.   Figures  3  and  k 
are  the  results  of  these  two  recovery  tests.   From  these,  the  calculations 
of  the  approximate  transmissivi ty,  static  water  level,  and  specific  capacity 
can  be  made  for  the  upper  and  combined  aquifers. 

Table  2  below  summarizes  the  results  of  the  pressure  bomb  tests: 

TABLE  2 

INFORMAL  PUMP  TESTS 
CH-9 

Upper  Aquifer  Combined  Aquifer 

Production  lOOt  gpm  300i  gpm 

Static  Water  Level       320+  feet  3701;  (from  E-Logs) 

Transmisslvity  (Insufficient  Data)  2^0  -  1200  gpd/ft 

Specific  Capacity        0.5  gpm/ft  of  drawdown  0.63  gpm/ft  of  drawdown 

The  first  recovery  test  does  not  provide  sufficient  data  to  permit 
calculations  of  the  transmissivi ty.   The  recovery  rate  was  too  rapid  to 
allow  the  pressure  bomb  to  be  set  in  the  hole  prior  to  the  water  reaching 
static  level.   The  static  water  level  is  320t  feet,  and  the  estimate  of 
specific  capacity  (S.C.  =  0.5}  does  seem  realistic. 

The  second  recovery  test  provides  realistic  estimates  for  all  three 
aquifer  characteristics.   The  initial  rapid  increase  of  the  water  level  to 
near  static  water  level  is  somewhat  influenced  by  a  "pressuring  up"  of  the 
aquifer,  therefore  creating  an  abnormally  high  recovery  rate.   The  second 
calculation  of  transmisslvity  (T2  =  1200  gpd/ft)  therefore,  is  a  more  accurate 
indication  of  combined  aquifer  potential.   The  specific  capacity  (S.C.  = 
0.63  gpm/ft)  correlates  with  production  and  is  also  a  realistic  estimate. 


PRODUCTION  LOGGING 


I 


Birdwell  Well  Service  Company  ran  two  specialized  logs  for  purposes  of 
evaluating  water  movement  and  water  tempera tu.'e  in  the  bore  hole.   The  Temper- 
ature Log  data  are  plotted  on  Figure  5.   The  Spinner  Production  Log,  which 
measures  the  velocity  of  nonpumping  water  in  the  bore  hole  has  not  been  com- 
pletely evaluated  at  this  time.   It  does,  however,  show  that  the  water  move- 
ment in  the  bore  hole  is  downward,  thus  recharging  from  the  upper  to  lower 
aquifer. 


k. 


Preliminary  interpretation  of  the  Production  Log  indicates  major  zones 
of  water  entry  occur  in  the  upper  aquifer  between  36O  and  710  feet.   The 
lower  aquifer  lies  between  1070  and  1 600  feet,  the  interval  in  which  water 
loss  is  taking  place. 

The  static  water  level  for  the  upper  aquifer  is  approximately  320t  feet. 
The  static  water  level  for  the  combined  aquifers  is  approximately  370t  feet. 
The  differential  in  head  (pressure)  between  the  two  aquifers  results  in  the 
net  downhole  recharge  into  the  lower  aquifer. 

SUMMARY  AND  CONCLUSIONS 

Core  Hole  9  was  completed  on  September  12,  197^.   Preliminary  analysis 
of  the  data  obtained  during  drilling  and  informal  pump  tests  yields  the  fol- 
lowing list  of  conclusions  which  appear  to  be  valid  for  the  hydrology  of  CH-9 


1.   Static  Water  Levels 
Upper  Aquifer 
Combined  Aqui  fer 


320t    (G.L.) 

370+  (G.L.)  (from  E-Logs) 


2.  Maximum  Production 

Upper  Aquifer 
Combined  Aquifer 

3.  Transmisslvi ty 

Upper  Aquifer 
Combined  Aquifer 

^.   Specific  Capacity 
Upper  Aquifer 
Combined  Aquifer 


125-gP"» 

300-  gpm 


(Insufficient  Data) 
2^0  -  1200  gpd/ft 


0.5  gpm/ft 
0.63  gpm/ft 


5.   Water  Qual ity 

Upper  Aquifer 


Combined  Aquifer  - 


Specific  Conductance 

Temperature 

PH 

Specific  Conductance 

Temperature 

pH 


^1653  micromhos 
5A  -  63°F 

e.k  -  7.0 

<.3560  micromhos 
61  -  75°F 
7.0  -  8.0 
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CORE  HOLE  NO.  12 
COHPLETION  REPORT 


Carmack  Drilling  Company  of  Grand  Junction,  Colorado,  rigged  up  on 
location  CH-12  (NE,  SW,  Sec.  9,  T2S,  R99W)  on  September  3,  197^.   Drilling 
coomenced  and  161  feet  of  surface  casing  was  set  on  September  5,  1974. 
Coring  began  on  September  6,  197A  with  significant  water  production  en- 
countered at  a  depth  of  630I  feet,  at  which  time  hydrologic  data  collection 
comoenced . 

Hydrologic  data  were  collected  in  two  basic  categories:  water  pro- 
duction and  water  quality.   Water  production  was  monitored  throughout  drilling 
by  means  of  a  Parshall  flume  installed  as  the  outlet  in  the  blooey  pit.  The 
inater  levels  in  the  flume  were  measured  by  an  automatic  recording  float  de- 
vice, a  Stevens  Type  F  unit- 
Water  quality  was  tested  at  approximately  thirty-foot  invervals  by  mea- 
suring conductivity,  pH  and  temperature.   In  addition,  a  set  of  samples  was 
collected  at  each  of  four  intervals  during  drilling:   1)  at  first  significant 
production,   2)  end  of  the  "B  groove"  pump  test,   3)  increase  in  production 
after  "B  groove",  and  4)  at  total  depth.  These  samples  were  analyzed  by 
The  Industrial  Laboratories  Company  of  Denver  through  both  standard  wet 
chemical  and  spectrograph ic  methods. 

To  evaluate  the  potential  of  the  aquifer  systems,  informal  pump  tests 
were  conducted  twice  during  drilling:  after  the  "B  groove"  had  been  pen- 
etrated and  after  reaching  total  depth.   These  consisted  of  two  hours  of 
continuous  airlift  pumpage  (during  the  coring  process)   discontinuing  the 
pumping,  and  the  recording  of  water  level  increases  by  a  downhole  pressure 
recorder  set  inside  the  drillstring   (See  Figures  3  and  A). 

The  core  hole  was  completed  by  landing  and  cementing  casing,  after 
Birdwell  Well  Service  Company  ran  a  suite  of  aeophysical  logs  on  September 
15,  1974. 

WATER  PRODUCTION 

Water  production  was  monitored  continuously  by  utilizing  a  Parshall 
flume  and  still  well  adapted  with  a  Stevens  Type  F  recorder.   These  are 
mounted  as  the  outlet  for  the  blooey  pit  at  each  site.   As  production  (by 
virtue  of  the  air-mist  injection  during  drilling)  increases  and  decreases,  the 
water  level  fluctuations  in  the  still  well  raise  and  lower  a  float  device 
attached  to  the  recording  drum  and  pen.   Converting  the  recordings  (in  tenths 
of  a  foot)  to  gallons  per  minute  thus  enables  one  to  plot  and  evaluate  the 
production  versus  depth  for  the  well.   Figure  1  attached  shows  water  pro- 
dution  and  temperature  versus  depth. 


2. 


Water  production  on  CH-12  remained  negligible  until  a  depth  of  630t 
feet  was  reached,  at  which  time  the  well  produced  20t   gallons  per  minute 
(gpm) .   Production  increased  to  60  gpm  at  780  feet  and  gradually  increased 
to  70  gpm  at  1120  feet,  a  maximum  for  the  upper  aquifer.   Production  then 
increased  to  150  gpm  at  1360  feet.   The  lower  aquifer  began  producing 
water  at  this  point,  with  a  rapid  increase  to  270t  gpm  at  1^60  feet. 
Maximum  production  for  the  combined  aquifers  was  295  gpm,  reached  at  16^0 
feet.   Production  remained  relatively  stable  to  total  depth. 

WATER  QUALITY 

Water  quality  was  monitored  throughout  the  drilling.   At  approximately 
thirty-foot  intervals,  a  sample  was  tested  for  temperature,  pH,  and  conduc- 
tivity.  In  addition,  samples  were  collected  at  200-foot  intervals.   Samples 
were  also  collected  at  four  intervals:   1)  at  first  significant  production, 
2)   during  "B  groove"  pump  test,   3)  significant  increase  below  "B  groove" 
and  k)    at  total  depth.   Table  1  below  summarizes  the  thirty-foot  water 
quality  measurements. 

Temperature  and  pH.   Figure  1  shows  the  temperature  variations  of  the  water 
produced  during  drilling.   These  ranged  from  a  low  of  50  F  to  a  high  of  76°F, 

Upper  aquifer  temperatures  ranged  from  50°  to  65  F  to  a  depth  of  1280 
feet.   Combined  aquifer  water  averaged  70°F  below  1280  feet,  with  a  distinct 
increase  at  the  top  of  the  lower  aquifer  (I280t  feet). 

The  pH  records  show  a  high  reading  of  8.5  and  a  low  of  7-0.   The  pH 
record  is  shown  on  Figure  2  attached. 

Conductivi  ty.   Corrected  conductivity  readings,  (see  Figure  2)  give  values 
ranging  from  a  low  of  1^76  umhos/cm  to  a  high  of  38OO  umhos/cm.   The  upper 
aquifer  averaged  approximately  1700  umhos/cm  to  89O  feet.   The  combined 
aquifer  average  approximately  2860  umhos/cm  from  1280  feet  to  total  depth. 

TABLE  1 
WATER  QUALITY  CH-12 

Lower  Aquifer 
(1280'  -  1800') 


Upper  Aquifer 
(5^0'-  890') 

Conductivi  ty 
High 
Average 
Low 

(umbos 

i/cm 

at 

25°C) 

2020 
1700 

Temperature 
High 
Average 
Low 

(°F) 

65 
59 
50 

pH 

High 

Average 

Low 

7,2 

7.0 
7.0 

3800 
2860 
1820 

76 
70 
61 

8.5 
7.7 
7.2 

3. 


The  Industrial  Laboratories  Company  analyzed  the  water  samples 
which  were  collected,  and  have  submitted  detailed  qualitative  results. 
Copies  are  not  included  herein,  but  are  available  if  a  review  is  necessary. 

INFORMAL  PUMP  TESTS 


Two  informal  pump  tests  were  conducted  during  drilling.   The  first  was 
run  after  penetration  of  the  "B  groove"  at  a  depth  of  99^  feet.   The  second 
was  conducted  at  total  depth.   Each  pump  test  consisted  of  two  hours  of  con- 
tinuous airlift  pumpage,  after  which  a  downhole  pressure  recorder  was  lowered 
inside  the  drillstring.   This  instrument  records  the  rising  water  level  as 
pressure,  which  can  then  be  converted  to  feet  of  recovery.   Figures  3  and  k 
are  the  results  of  these  two  recovery  tests.   From  these,  the  calculations 
of  the  approximate  transmissivi ty,  static  water  level,  and  specific  capacity 
can  be  made  for  the  upper  and  combined  aquifers. 

Table  2  below  summarizes  the  results  of  the  pressure  bomb  tests: 

TABLE  2 
INFORMAL  PUMP  TESTS 
CH-12 

Upper  Aquifer Combined  Aquifer 

Production  60t  gpm  275±  gpm 

Static  Water  Level  450±  feet  580t  feet 

Transmissivi ty  110  -  7900  gpd/ft  680  -  7300  gpd/ft 

Specific  Capacity  0.3^  gpm/ft  of  drawdown  1.5  gpm/ft  of  drawdown 

The  first  recovery  test  provides  approximate  values  for  the  aquifer 
characteristics.   The  initial  rapid  increase  of  the  water  level  to  near  static 
water  level  is  somewhat  influenced  by  a  "pressuring  up"  of  the  aquifer,  there- 
fore creating  an  abnormally  high  recovery  rate.   It  is  rather  anomalous  in  that 
the  sharp  break  in  slope  indicates  that  a  boundary  effect  is  present  in  the 
vicinity  of  the  well,  adding  to  the  rapid  recovery.   The  second  calculation  of 
transmissivi ty  (T^  =  7900  gpd/ft)  is  an  indication  of  upper  aquifer  potential. 
The  specific  capacity  (S.C.  =  0.3^  gpm/ft)  indicates  that  T„  is  anomalously 
high,  and  an  average  value  between  T,  and  Tj  is  more  realistic. 

The  second  recovery  test  provides  realistic  estimates  for  all  three  aquifer 
characteristics.   The  transmi ssi vi ty  of  J     =   7300  gpd/ft.  correlates  well  with 
water  production  in  the  upper  aquifer.   The  specific  capacity  (S.C.  =  1.5  gpm/ft) 
also  correlates  with  production  and  is  a  realistic  estimate. 

PRODUCTION  LOGGING 

Birdwell  Well  Service  Company  ran  two  specialized  logs  for  purposes  of 
evaluating  water  movement  and  water  temperature  in  the  bore  hole.   The  Temper- 
ature Log  data  are  plotted  on  Figure  5.   The  Spinner  Production  Log,  which 
measures  the  velocity  of  nonpumping  water  In  the  bore  hole  has  not  been  com- 
pletely evaluated  at  this  time.   It  does,  however,  show  that  the  water  move- 
ment in  the  bore  hole  is  downward,  thus  recharging  from  the  upper  to  lower  aquifer. 


Preliminary  interpretation  of  the  Production  Log  indicates  major  zones 
(  of  water  entry  occur  in  the  -jppcr  a'^ui^^er  between  590  and  89O  feet.   The 

lower  aquifer  lies  between  1290  and  1800  feet,  the  interval  in  which  water 
loss  is  taking  place. 

The  static  water  level  for  the  upper  aquifer  is  approximately  ^SOt   feet. 
The  static  water  level  for  the  combined  aquifers  is  approximately  580^  feet. 
The  differential  in  head  (pressure)  between  the  two  aquifers  results  in  the 
net  downhole  recharge  into  the  lower  aquifer. 

SUMMARY  AND  CONCLUSIONS 

Core  Hole  12  was  completed  on  September  15,  197^.   Preliminary  analysis 
of  the  data  obtained  during  drilling  and  informal  pump  tests  yields  the 
following  list  of  conclusions  which  apprear  to  be  valid  for  the  hydrology  of 


CH-12: 


r 


1.  Static  Water  Levels 

Upper  Aquifer  ^50^  feet 

Combined  Aquifer  5801  feet 

2.  Maximum  Production 

Upper  Aquifer  100  gpm 

Combined  Aquifer  300  gpm 

3.  Transmissivi ty 

Upper  Aquifer  110  -  7900  gpd/ft 

Combined  Aquifer  680  -  7300  gpd/ft 

k.        Sepcific  Capacity 

Upper  Aquifer  0.3^  gpm/ft 

Combined  Aquifer  1.5  gpm/ft 

5.   Water  Quality 

Upper  Aquifer     -  Specific  Conductance  2020  micromhos 

-  Temperature  50  -  SO^F 

-  pH  7.0  -  7.2 

Combined  Aquifer  -  Specific  Conductance     38OO  micromhos 

-  Temperature  61  -  76°F 

-  pH  7.2  -  8.5 
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LEGEND 


EXISTING  ROAD  TO  BE  UPGRADED  WHERE  NECESSARY  AND 
MAINTAINED  OPEN   (SEE  SECTION  A-A) 

EXISTING  ROAD  WHICH  MAY   BE  UPGRADED  FOR 
CONSTRUCTION  SEASON  USE   (SEE  SECTION  A-A) 

EXISTING  ROAD  EXTENSION   (SEE  SECTION  A-A 

NEW  ACCESS  ROUTE  TO  DRILL  SITE   (SEE  SECTION  B-B) 

(13  HOLES) 

p       ©'■''  CORE  HOLE        ®'^  DRILLED  HOLE  FOR  HYDROLOGIC  TESTING 

■"•  '      0  EXISTING  CORE  HOLE  (TRACT  ONLY) 

d)''^  SHALLOW  HOLE  FOR  ALLUVIUM  WATER  MONITORING 

(m)'"  0"  UPPER  AND  LOWER  AQUIFER  MONITOR  HOLES 

0  STATE  LAND 

PRIVATE  LAND 
UNPATENTED  CLAIMS 


NOTE  I '    LAND  OWNERSHIP  SHOWN 

ONLY  WHERE  POTENTIALLY 
RELEVANT  TO  EXPLORATION 
PLAN   WORK, 


NOTE  2 1  SMALL  SHALLOW  HOLE  DRILL- 
RIG  TO  BE  LOWERED  TO  SITE  BY 
WINCHING  DOWN  STEEP,  OPEN- 
FACE  AS  INDICATED 

NOTE  3'    LOCATIONS  SHOWN  WERE  FIXED 
BY  SITE  INbl^ECTlON  ONLY, 
ACTUAL  FIELD  SURVEY  LOCATION 
WORK  HAS  BEEN  WITHHELD 
PENDING  ESTABLISHMENT  OF 
PRECISE  GROUND  CONTROL  AND 
DETAIL  MAPPING,  , 
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